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OF THE 



FORAMINIFERA OF THE CRAG. 



INTRODUCTION. 



In May, 1835, Mr. Edward Charlesworth read before the Geological Society of 
London a paper " On the Crag of part of Essex and Suffolk" (* Proceed. Geol. Soc./ vol. ii, 
pp. 195-6), in which he mentioned that, " for his general information respecting the 
organic remains in the two beds" of the Crag, he was indebted to Mr. Searles Wood (then 
of Hasketon, near Woodbridge), whose collection of Crag fossils included "50 species of 
minute Cephalopods.*' These are the Foraniinifera (at that time regarded generally as 
microscopic Nautili, &c.) which are brought forward in the present Monograph, to be 
illustrated, described, and put in comparison with other known Rhizopodal faunas, fossil as 
well as recent ,• the whole series having been liberally placed at our disposal. 

Mr. Wood's original collection has been enlarged by the accumulation of specimens 
since 1835 ; but very few additional species of Foraminifera have occurred to him in his 
continued examination of the Crag of Sutton and elsewhere. Many of the forms met 
with by Mr. Wood have also been found by us in miscellaneous hand-specimens of Crag ; 
and we have also some additional ones from these sources. We have taken about twenty 
forms (mostly common) from hand-specimens of Crag in which the Cardita senilis abounds, 
and nearly as many (mostly the same) from Crag with Cyprina Islandica; the iorrnQX [Cardita) 
is very abundant at Sudbourne, as Mr. Wood informs us, and is not wanting at Ramsholt ; 
the latter {Cyprina) prevails at both places in company with the Cardita, Some half 
dozen varieties we met with in a piece of Crag with Ostrea ; but none of these are uncom- 
mon. Specimens of Polyzoan Crag have afforded thirty forms, mostly common in other 
varieties of the Crag. Specimens of Shelly Crag from Sudbourne, Aldborough, and Ged- 
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grave, have also yielded us a few Foraminifera, but, as in our other gatherings, with a 
paucity of individuals, and poverty of size and variety, that are strongly contrasted with 
the conditions under which Mr. Wood found his numerous and large specimens in the 
Crag of Sutton. On this subject Mr. Wood has remarked in letters to us, dated March 
1 1th, and August 5th, 1863 — *' It is pretty nearly as you suspect ; those fine specimens were 
from a special bed, which was particularly rich in those remains; and nearly the 
whole of what I then considered my fifty species were obtained from the Crag at one 
locality in the parish of Sutton. This spot, which, formerly yielded to my examination 
specimens by hundreds (indeed, I may say by thousands), now scarcely supplies me with 
any. As this locality fails to furnish me with any but the commoner kinds of Shells and 
Foraminifera, I imagine that the rich community must have nestled in a protected nook, out of 
the reach of the moving waters, or in some quiet place under specially favourable conditions ; 
and that the excavations in the deposit, as they have been extended westwards, have 
passed beyond this particular habitat. The bed at Sutton seems to have been a bank some- 
thing like the * Turbot-bank,' about 5 miles south of Larne (Antrim). The Crag at Sutton 
is somewhat isolated now, and separated from that at Ramsholt probably by denudation. 
At the latter place the White or Lower (* Coralline ') Crag is overlain by the Red Crag ; 
but at Sutton it has been excavated by denudation, and the Red Crag abuts against it, 
as has been pointed out by Lyell ('Mag. Nat. Hist.,* new ser., vol. iii, 1839, p. 314). 
Most of my specimens came from the east side of this hill, where the Crag deposit 
appears to have been sheltered ; whilst on the west side the Crag is almost indurated, 
and its material comminuted." Mr. Wood adds that the true Polyzoan bank of the 
Crag (in which he found but few Foraminifera) is to be seen in the neighbourhood of 
Aldborough, Sudbourne, and Orford, overlying the bed wherein Shells, with occasional 
Actinozoa and Polyzoa, abound. 

The geological relations of the several deposits of '' Crag '' in Norfolk, Suffolk, and 
Essex, have been treated of by Mr. Charlesworth in the * Proceedings of the Geological 
Society,' 1835, vol. ii, p. 195, &c. (" On the Crag of part of Essex and Suffolk") ; in the 
* London and Edinb. Phil. Mag.' (Nos. 38 and 42, August and December, 1835), 3rd ser., 
vol, vii, pp. 81, 465, &c. (*' Observations on the Crag-formation and its Organic Remains, 
&c.") ; and in the * Report of the British Association' for 1836, * Trans. Sect.,' p. 84 (" A 
notice of the Remains of Vertebrated Animals found in the Tertiary Beds of Norfolk 
and Suffolk ") ; also by Sir C. Lyell, * Mag. Nat. Hist.,' 1839, new series, vol. iii, 
p. 313, &c. ("On the Relative Ages of the Tertiary Deposits, commonly called *Crag,' 
in the Counties of Norfolk and Suffolk") ; by Mr. S. V. Wood, jun., ' Annals Nat. 
Hist.,' March, 1864 C*On the Red Crag, and its relation to the Fluvio-marine Crag," 
&c.), also in his " Remarks in Explanation of the Map of the Upper Tertiaries of the 
Counties of Norfolk, Suffolk," &c., 1865; and by Mr. E. R. Lankester, 'Geol; Mag.,' 
1865, vol. ii, pp. 103 & 149 (''On the Crags of Suffolk and Antwerp '0- Of the three 
recognised divisions of the English Crag, the lowest has been known as the ** Coralline 
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Crag" ever since Mr. Charlesworth so named it in 1835, on account of its abounding with 
little coral4ike fossils, which, however, when duly studied, were found to be Polyzoa, Corals 
being exceedingly rare in it. " Polyzoan" or *^ Bryozoan Crag" ought, therefore, to take the 
place of this common misnomer ; but ^* White Crag,'' '' Lower Crag,*' and " Suflfolk Crag," 
are still better names for this division, and are already in use. For general and special 
information on the Crag deposits, the reader can also refer with advantage to Lyell's 
'Elements of Geology,' 6 edit., 1865, chap, xii; and to Phillips's * Manual of Geology,' 
1855, chap. xiii. In reading these, however, " Polyzoan" must be substituted for 
*• Coralline'^ and " Zoophytic," with reference to the particular fossils and beds alluded to. 
In 1843 Mr. S. V. Wood communicated forty-two names (some new and some after 
D'Orbigny) of Foraminifera found . in the Crag to Mr. Morris's * Catalogue of British 
Fossils.* In 1844 one of the Foraminifera of the Crag was described by Mr. Wood, in a list 
of the Zoophytes of that formation, published by him in the ' Mag. and Aunals of Nat. 
Hist./ vol. xiii, p. 31, as a sequel to the lists of the MoUusca of the Crag given by him 
in 1840-42 in the 'Mag. Ann. Nat. Hist.,' vols, vi and ix. These MoUusca have been 
fully elaborated by Mr. Wood in Monographs published by the Palaeontographical 
Society : and the Monographs on the Cirripedia, the Echinodermata, and the Polyzoa, 
of the same formation, by Darwin, Forbes, and Busk, together with the account of the 
Corals of the Crag in the Monograph by Milne-Edwards and Haime, and of the Ento- 
mostraca in that by Rupert Jones, leave little to be done in the description of the Fossil 
Fauna of the Crag Formation ; and the present Monograph on the Foraminifera is 
intended to lessen still further the remaining desiderata in that direction. 

The collection of Foraminifera obtained by Mr. S. V. Wood from the Crag of Sutton 
comprises about eighty reputed species, or species and important varieties recorded bino- 
mially ; and here we must remark that though, zoologically speaking, many of the recog- 
nised forms of Foraminifera are not species, but merely varieties, of diflFerent systematic 
values, yet, for the sake of convenience to zoologist and geologist, they have received and 
retain binomial appellations, that stand in the lists like specific names. The zoological 
value of these names is critically indicated in our papers on the *' Nomenclature of Fora- 
minifera,'* in the 'Annals and Magazine of Natural History' for June and November, 
1859; February, March, April, June, July, and November, 1860; August and Sep- 
tember, 1861 ; February, September, and December, 1863; March and July, 1865. 

These Foraminifera from the Crag at Sutton are remarkable, for the most part, for 
size and abundance. The leading forms are Miliola, Lagena, Nodosarina, Polyniorphina, 
Textidaria, Fulvinulina, and Nonionina. As a fauna, they are best represented (in our col- 
lections) by dredgings from the Atlantic, south of the Scilly Isles, at from 50 to 70 
fathoms, and from the Mediterranean on the north of Sicily, at 21 fathoms. 

From all other parts of the Lowest or White Crag of Suffolk, as far as our collections 
serve, we have got a somewhat similar fauna, not only greatly reduced in number of 
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individuals and variety of forms, but composed of dwarfs in contrast with those of Sutton, 
except in the case of some of those that inhabit shallow water, as Botalia Beccarii and 
Poly%tomella crispa, and even these are but feeble. Hence we may suppose that the 
Foraminiferal deposit at Sutton was formed either in deeper or in warmer water than 
other portions of the Crag were. Some of our sources of these less luxuriant growths are 
specimens of Crag full of Cyprina and Cardita ; and as the former shell lives in the 
British seas, at from 5 to 80 fathoms — a depth similar to that affected by the Atlantic 
and Mediterranean groups of Foraminifera above alluded to, we must suppose that some 
deteriorating influence, either cold currents, floating ice, or cold climate, was at work 
locally, at least, in the Crag sea, excepting possibly the Sutton area. 

Similar conditions are pointed out by the Bivalved Entomostraca of the Crag, the 
distribution of which will be treated of in an Appendix to this Monograph. 

A group of Foraminifera, doubtlessly imperfect as a fauna, from a specimen of Crag 
with Ostrea^ consisted of Polymorphina TAouini, F. yutta, Textularia ogglutinanB^ 
T, trochus, and Nonionina scapha, all of middling size, and rather common. These also 
indicate water of moderate depth in a temperate climate. From the shelly Crag of 
Aldborough we have Polymorphina lactea (small and rare), Ttotalia Beccarii (small and 
rare), PoIystomeUa striatopunctata (middle-sized and common), and Truncatidina lobatida 
(very small, and rather common). These belong, probably, to the beds overlying the 
Lower Crag, and indicate shallow water. A similar group occurs at Bramerton and 
Thorpe, in the " Norwich" or " Fluvio-marine Crag," and also in the Uppermost Crag at 
Chillesford, which is continued, according to Mr. Searles Wood, jun., over the " Norwich 
Crag" at Aldborough, Bramerton, and Thorpe. 

We have also to notice that among the Foraminifera of the Crag there are some that 
have been, in all probability, derived from older Tertiary beds ; such are Alveolina^ sp., 
and Orbitoides Faujasii. Ampliistegina vulgaris, Nammvlina planulatay and Operculina com- 
planata also attract attention as possibly having been washed out from Miocene and Eocene 
strata. None of these are common ; and somewhat imperfect water-worn specimens are 
all the evidence we have of the two first-named. 

Of the Foraminifera of the Upper or Red Crag, we have but a poor supply ; indeed, 
it is not easy to determine in every instance whether we have a native or a derived fossil 
in a specimen from the Red Crag, as with this deposit are mixed fossils from the Lower 
or White Crag, and even from older Tertiary beds. (See Mr. S. V. Wood's memoir on 
this subject, * Quart. Journ. Geol. Soc./ vol. xv, p. 32, 1858.) 

The Foraminifera of the Red Crag indicate a rather shallow sea-zone ; they comprise 
a few common species of Miliola, Folymorphina^ Textularia, Truncatulina, Botalia, Cal- 
carina, Polystomella, and Nonionina ; not abundant as individuals, nor of large size ; and 
arc such as live at present in the British Seas, with the exception of Calcarina. 

The Manmialiferous or Norwich Crag (Thorpe, Southwold, and Bramerton) yields a 
Rhizopodal fauna somewhat similar to that of the Red Crag. 



INTRODUCTION. v 

The few kinds of Foraminifera yielded by the Chillesford Crag, a deposit regarded by 
Messrs. Wood and Prestwich (* Quart. Journ. Geol. Soc.,' vol. v, p. 350) as probably 
contemporaneous with the Crag of Norwich (Mammaliferous Crag), by Mr. S. Wood, 
jun.,^ as subsequent to it, and by the Rev. O. Fisher^ as being older than the Norwich 
Crag, indicate a rather shallow and cold sea, perhaps somewhat brackish too, as their pro- 
bable habitat. They are Polymorphina lactea, Bidimina elegans^ Truncatulina lobatula, 
Rotalia Beccarii, Polystomella crupa, and P, striato-punctata, Mr. Prestwich's observa- 
tions (loc. cit., p. 351) on the probable influence of cold currents from the northern seas 
on the fossil fauna at Chillesford coincide with the above remarks. 

Lastly, some Foraminifera collected by Mr. H. C. Sorby, F.R.S., from the Brid- 
lington Crag* some years ago, and kindly placed at our disposal, have to be noticed. 
These comprise Cornmpira, MUiola^ Lagena, Dentalina, Cmtellaria, Polymorphina^ 
Camdulina, Truncatulina, Polystomella, and Nonioninay and are the most conspicuous 
of a probably more extensive fauna, nearly allied to that of the Suffolk Crag. 

With regard to our treatment of the generic and specific grouping of Foraminifera in^ 

this Monograph, having repeatedly stated our views as to the necessity of allowing a wide 

margin for variation from any central type in determining species amongst the Protozoa, 

we need not again enter largely upon the subject. Every extension of research tends * 

more and more to show that such characters as surface-markings, form of aperture, / 

number of chambers, and direction of growth — peculiarities upon which not only 

species and genera, but even families, have been constituted — are individually of 

little value in forming an estimate of the essential characters of a species among Fora- ) 

minifera. Neither need we repeat what we have before said on the expediency of 

retaining (with this reservation as to the significance to be attached to them) the binomial 

appellations that have been given to well-marked varieties, regarded by others as specific 

forms. We shall have occasion to use them in the course of the Monograph ; and, as 1 

they will stand in the place of true specific names, we must refer our readers to the Table I 

of Type-species, in the Appendix, for the alliances of these sub-species or varieties. By \ 

these remarks, we would not be thought to underrate the value of even trivial external I 

features, such as those alluded to, for they are often of considerable significance both to I 

the Zoologist and the Palaeontologist ; but only to caution those not practised in invesjy/ 

^ See his paper mentioned at page ii. 

2 'Quart. Journ. Geol. Soc.,' vol. xxii, p. 19, 1866. 

* Mr. Bean wrote of the Bridlington Crag in 1835, * Mag. Nat. Hist.,' vol. viii, p. 355 ; and Sir C. Lyell 
in 1839, 'Mag. Nat. Hist.,' new series, vol. iii, p. 313. See also Phillips's ' Geol. Yorkshire," 1829, 
vol. i, p. 69; and H. C. Sorby's paper on this Crag, in the 'Proceed. Geol. and Polytech. Soc.,' West 
Riding, Yorkshire, 1857-8, iii, p. 555. There is also a paper on the Bridlington Crsg, by Dr. S. P. 
Woodward, in the ' Geol. Mag.,' 1864, vol. i, p. 49. 
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ligations connected with animals of very low organization, that they are not to be r^arded 
as of the same importance as similar, but more permanent, marks would be in higher 
animals. The difficulty in determining species is enhanced by the fact, that, whilst on 
the one hand several distinct species may each present varieties so similar that they may 
be easily confounded, on the other hand the extreme variations in sub-specific forms may 
at first sight often appear of generic value/ 

With these preUminary remarks we may proceed to the critical examination of the 
generic and specific forms which have been found in the Crag — endeavouring to distin- 
guish the essential from the non-essential characters, the typical from the aberrant, the 
specific from individual modifications, and holding in view the same principles of investi- 
gation, the adoption of which has led, during recent years, to so great an increase of our 
knowledge of the group, at the hands of Williamson, Carpenter, Reuss, and others. 

^ We have sometimes thought that a passage in Whewell's ' Philosophy of the Indoctiye Sdeooes,' 
written, it is true, in reference to a far different suhject, might have been written, mutatis mutandis^ with almost 
equal truth of the nomenclature of theForaminifera. Speaking of Haliy's nomenclature of the crystals of caldte, 
he says — " The want of uniformity in the origin and scheme of these denominations would be no valid objection 
to them if any general trutli could be expressed by means of them ; but the fact is, there is no definite dis- 
tinction of these forms. They pass into each other by insensible gradations, and the optical and physical 
properties which they possess are common to all of them. And, as a mere enunciation of the laws of 
forms, this terminology is insufficient. Thus it does not at all convey the relation between the bittdteme 
aud the binotemaire : the former being a combination of the metaatatigue with iht prUvMtique ; the latter 
of the metastique with the contrast ante ; again, the eantrastantSy the mixte, the eubaidsy the eontraetiSy 
the dilatSey all contain faces generated by a common law, the index being respectively altered, so as to be 
in these cases, 3, f , ^, -I, ^ ; and this, which is the most important geometrical relation of these forms, is 
not at all recorded or indicated by the nomenclature." 



Note. — A very valuable memoir on the English and Belgian Crag formations, by Mr. R. Godwin-Austen, 
F.R.S., has just appeared in the ' Quart. Journ. Geol. Soc. London,' vol. xxii, part 3 (No. 87), p. 229. &c. 
It is full of important facts and sound philosophic disquisitions. — August, 1866. 
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FORAMINIPERA OF THE CRAG. 



Class — RHIZOPODA. 
Order-BETICULABIA (FOBAMINIFEBA). 

^\}h^oKDiLK—IMFERFORATA. 
Family— MILIOLIDA, Carpenter. 

Genu9 — CoRNUSPiRA, Schtdtze, 

Orb IS, Philippi (in part). 

CoRNUSPiKA, Schultze (in part). 

Spibillina, Williamson (in part). 

SoLDANiA, IfOrbigny (in part). 

Operculina, Czjzek and Reus9 (in part).^ 

CoRNUSPiRA, Parker and Jones, Carpenter, Reuss, Brady. 

General characters. — Shell, a flat spire, formed of a simple, non-segmented, and 
nsaally unconstricted tube, coiled on itself in a horizontal plane, usually cylindrical in 
the earlier portions of its growth, but becoming wider and flatter as it approaches 
maturity: white, opake, smooth, and free from ornamentation or surface- markings, 
except slight transverse ridges, apparently indicating its successive additions during growth. 
Aperture, terminal ; oval or slit-like in shape, according to the extent of flattening which 
has taken place in the tube. 

lyOrbigny, in the ' Annales des Sciences Naturelles,' vol. vii, p. 281, grouped a number 
of complanate Foraminifera under the generic name Soldania. The figures in Soldani's 

> Operculina cretacea, Reuss, Verst. bdhm. Kreid., p. 35, pi. 13, figs. 64 and 65 (Cornuspira 
cretaeea, Reass, Sitzungsb. K. Ak. Wien., toI. xl, p. 177, pi. 1, fig. 1), seems to be the same as D'Orbigny's 
Operenlina ineerla, Foram. Cuba, p. 49, pi. 6, figs. 16, 17; and this is a Trochatnmina. 
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* Testafeeographia ac Zoophytographia/ to which reference is made by him, are unfor- 
ti.Kiftte1y so diverse in character that no generic group can be founded upon them. 
'W^hilst some of the drawings are probably intended for specimens of the genus now 
under consideration, the others comprise Cristellaria, NummiUina, and Planorbidina ; so 
that we are most unwillingly compelled to sacrifice a generic name dedicated to one of 
the eariiest and most persevering students of Microzoa. 

Soldania earinata, D'Orb. Ann. Sc. Nat., voh vii, p. 281, No. 1 ; Sold., iv, App., p. 146, pi. 18, 
figa. p, Q (fossil) = Cristellaria. 

— spirorbis, Id. Ibid., No. 2 ; Sold., Ibid., p. 140, pi. 4, figs, o, H (fossil) = Nunmuiina 

exponent, 

— nitida, Id. Ibid., No. 3 ; Sold., ii, pi. 135, fig. 1 (fossil) = Planorbulina (Planulina) 

AriminenaU. 

— /tmta, Id. Ibid., No. 4 ; Sold., i, p. 62, pi. 53, fig. c (fossil and recent) = Comuspira (f). 

— orbicularis. Id. Ibid., No. 5 ; Sold., i, p. 60, pi. 47, fig. h (recent) = Comuspira (?). Both 

of these have more or less constricted whorls (if correctly drawn). 

— annulata, Id. Ibid., No. 6 ; Sold., i, pi. 47, ^g. c (recent) = Serpula (?). 

1. CoRNuspiRA FOLiACEA, FkUtjjpi. Plate III, figs. 50, 51. 

Obbis FOLiACEUS.i PhUippi, 1844. Enum. Moll. Sicil., vol. ii, p. 147, pi. 24, fig. 26. 
Opebculina striata, Cj^eek, 1848. Haidinger's Naturw. Abhandl., vol. ii, p. 146, pi. 13, 
figs. 10, 11. 

— PLiCATA, Id., 1848. Loc. cit., figs. 12, 13. 

CoRNUSPiRA PLAN0RB18, Schultze, 1854. Org. Polyth., p. 40, pi. 2, fig. 21 ; Wiegmann's, 
Archly, 1860, p. 287 ; and Annals Nat. Hist., ser. 3, vol. yii, p. 306. 

— , Parker and Jones, 1857. Ann. Nat. Hist., ser. 2, vol. xix, p. 285. 
Spirillina FOLIACEA, JFUliamsoH, 1858. Rec. Foram. 6t Brit., p. 91, pi. 7, figs. 199-201. 
CoBNUSPiRA — Parker and Jones, 1860. Quart. Journ. Geol. Soc, vol. xvi, p. 302 

(table). 

— — Carpenter, 1862. Introd. Foram., p. 68, pi. 5, fig. 16. 

— — Brady, 1864. Linn. Soc. Trans., vol. xxiv, p. 472; 1865, Nat. 

Hist. Trans., Northumb. and Durham, vol. i, p. 92. 



^ In appending to each typical and varietal form some of the names under which it has been mentioned 
by previous authors, we have not attempted a complete synonymy. Our rule has rather been to give 
reference in every case to the description and figures which have the right of priority in nomenclature, to a 
few of the earlier well-known standard works on general zoology, and to such more modern memoirs as are 
devoted to the Protozoa, and may be easily referred to by the student. Where the number of references 
has necessitated a selection, those have been preferred with which figures are given. With the subvarietal 
forms we have given still fewer references. The adoption of this course has been forced upon us by the 
length to which an exhaustive synonomy would extend. It may be said without doubt, that a complete list 
of authorities for some such species as the typical Miliola seminulum would occupy several pages, and would 
be of little use when finished, except as a curiosity of literature. The plan pursued by Mr. Jeffreys in his 
admirable work on Conchology, — that of giving only the key to the first deftcription of the species, and a 
reference to its place in the last standard work on the subject, is an admirable one, but unfortunately not 
open to us, for want of the standard. 
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Characters. — Shell, convolute, planodiscoid, thin; the successive whorls becoming 
gradually, and often rapidly, wider ; free from ornamentation, but marked with curved 
transverse lines of growth. Aperture, in ftdl-grown specimens, a narrow slit, representing 
the open* end of the coiled tube. Diameter ^th to Jth inch. 

Corntispira foliacea may be looked upon as the typical form of the genus. It is a 
beautiful, simple, little shell, inhabiting shallow seas, without much reference to latitude, 
and commonly attached by its flat siurface to Algae or Zoophytes. Owing to the slightly 
birconcave contour, dead specimens, somewhat worn, frequently have the thin central 
portions broken away ; and it is in this condition that our Crag specimens were found. 
In the northerly British Seas it is an uncommon species ; but on our South coast it is 
more frequent, and specimens in Mr. Jeflfreys' collection, dredged off Falmouth, are among 
the largest we know. It is common in the Arctic Seas, in the Mediterranean, in the South 
Atlantic, and on the Southern and Western shores of Australia. We cannot trace the 
species further back in geological time than the Lower Tertiary formations ; it abounds 
in the Calcaire grassier^ and may be found in almost every subsequent formation. 
Czjzek's specimens were from the Miocene beds near Vienna, where Reuss has also 
obtained some varieties {C, angigyra and C. involvens). The specimens from the Crag 
were collected by Mr. Searles Wood, at Sutton, where they were found in considerable 
numbers, and of large size. 



2. CoBNUSPiRA INVOLVENS, Bcuss. Plate III, figs. 52 — 54. 

Opbbculika INVOLVENS, ReuM, 1849. Denks. Akad. Wien., vol. i, p. 370, pi. 45, fig. 20. 

— — Id.y 1851. ZeitB. Deutsch. Geol. Gcsel., vol. iii, p. 73. 

CoBNUSPrEA — Id.y 1863. Sitz. Akad. Wien., vol. ilviii, 1 Abth., p. 39, pi. 1, 

fig. 2. 

Characters. — Shell, free, convoluted, discoidal, bi-concave ; formed of a simple unoon- 
stricted, subcylindrical tube, wound on itself in one plane. Diameter about ^th inch. 

It is convenient to distinguish by a trivial name the thicker variety of Comuspira, in 
which the tube, forming the spiral, retains to some extent the early, normal, cylindrical 
form, hollowed a little on its inner side, so that each successive whorl slightly embraces 
that preceding it.^ On this ground we admit Professor Reuss's specific term, though we 
attach no more than subvarietal value to the particular characters possessed by the 
specimens described. Professor Reuss records the occurrence of this form in the Baden 
Beds of the Vienna Basin, and at Offenbach and Hermsdorf, Prussia. 

^ Professor Williamson is probably quite right in describing his figare 201, pi. 7, of his ' Monograph,' 
p. 91, as a yonng shell of C. foliacea, though it consists of '*a few narrow rounded convolutions, of equal 
size,** &c. 
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It is fossil also in New Zealand (' NoFara-Expedition, Geol. Theil,' 2 Abtheil.^ 
p. 180). 

Reuss describes and figures other Comugpira {C. angigyra^ * Denks. Akad./ Wien.,' 
vol. i, p. 370, pi. 46, fig. 19 ; C. polygyra, *Sitz. Akad./ vol. xlviii, p. 39, pi. 1, fig. 1 ; 
C. Bornemanni, 1. c, fig. 3 ; C. rugulosa, ' Sitzungsb. Akad.,' vol. xviii, p. 222, pi. 1, 
fig. 1 ; C. Beussi, Bomemann, * Denks. Akad.,' vol. xxv, p. 121, pi. 1, fig. 10), from the 
Tertiary beds of Germany. These, however, as well as C. Arckunedis and C. elliptica, 
Stache, ' Novara-Expedition, Geol. Theil.,' 2 Abth., p. 180, pi. 22, figs. 1 and 2, can only 
be regarded (zoologically) as varieties of C.foliacea. Some, like C. Hoerne^iy Karrer, may 
prove to be Trochammina incerta. 



Genu9 — MiLiOLA, Lamarck. 

Sebpula, Linni, Walker and Jacobs, Adams, Maton and Racket t, 

Vermiculuu, Montagu, Fleming, Macgillivray, Thorpe. 

MiLiOLiTES, Lamarck, Parkinson. 

MiLiOLA, Latnarek, Parkinson, Broum, Blainville, Schultze (in part). 

MiLiOLiNA, Williamson (in part). 

MiLiOLA, Parker and Jones, Carpenter, Brady, &c. 

General characters. — Shell, oval or elliptical, composed of segments folded on each other 
from end to end, in one plane or more, each successive segment larger than the preceding 
one, and embracing the earlier segments to a greater or less extent. Shell, without true 
septation, but having a partial constriction in the angle at each change of the direction 
of growth. Colour, white, opake. Pseudopodial aperture variable in form, terminal. 

Upon the mode and extent of the overlapping of the consecutive chambers depends the 
artificial division of the genus into the subgenera Uniloculina, Biloculina, Triloctdina 
(and CrucUoculina), Quinqueloculina, and Spiroloctdina. 



Subgenus — Biloculina, D'Orbigny. 

General characters. — Having only two chambers visible externally, each succes- 
sive chamber entirely embracing the previous one on the same side. 



MILIOLIDA. 



1. BiLOcuLiNA RIN6ENS, Lamarck. Plate III, figs. 26—28. 

MiLiOLiTES RINGEN8, Lamarck, 1804. Ann. Mus., vol. ▼, p. 351 ; vol. ix, pi. 17, fig. 1. 
Ptego LiBvrs, De/ranee, 1824. Diet. Sc. Nat., vol. xxxii, p. 2/3 ; Atlaa, pi. 88, fig. 2. 
BiLOCD LIN A BULLOii>ES,D' Or&., 1826. Ann. Sc. Nat, vol. vii,p.297,No. l,pl. 16,fig8.I-4; 

Module No. 90. 

— RiNGENS, LL, 1826. Ann. Sc. Nat, vol. vii, p. 297, No. 2. 

— Canakiensis, Id,, 1839. Foram. Canaries, p. 139, pi. 3, figs. 10-12. 

— IsABELLBANA, Id., 1839. For. Am6r. M^r., p. 66, pi. 8, figs. 17-19. 

— Peruviana, Id,, 1839. Foram. Am^r. M^rid., p. 68, pi. 9, figs. 1-3 (and 

snb- varieties in pi. 8). 

— 8UBSPHiERiCA,/rf., 1839. Foram. Cuba, p. 162, pi. 8, figs. 25-27. 

— BUI,LATA, S. Wood, 1843. Morris's Cat. Brit Foss., p. 61. 

— CLYPEATA, D'Orb., 1846. For. Fos. Vien., p. 263, pi. 15, figs. 19-21. 

— SIMPLEX, Id,, 1846. Ibid., p. 264, pi. 15, figs. 2.5-27. 
Triloculina bipartita (a badly grown Biloculina),D'Orb., 1846. For. Fos. Vien., p. 275, 

pi. 17, figs. 1-3. 
Biloculina RINGENS, Sow,, 1850. Dixon's Foss. Sussex, p. 162, pi. 9, ^g. 9, a. 

— TURGIDA, Beuss, 1 85 1 . Zeitsch. Deutsch. Geol. Ges.^ vol. iii, p. 85, pi. 7, fig. 55. 

— RINGENS, Parker and Jones, 1857. Ann. Nat. Hist, ser. 2, vol. xix, p. 298, 

pi. 10, figs. 28-33. 

— — WiUiamwm, 1858. Rec. Foram. Gt Brit, p. 79, pi. 6, figs. 169, 170 ; 

pi. 7. fig. 171. 

— OBESA, Retua, 1865. Sitzungsb. Akad. Wien., vol. 1, p. 450, pi. 5, fig. 7. 

Characters, — Shell, oval or sub-spherical, ultimate chamber projecting beyond the 
penultimate all round, and having its margin more or less rounded. Aperture, at the 
end of the last segment ; its shape and size variable, sometimes little more than a curved 
slit. Length ^th to i^th inch. 

We may take this as a sub-tjrpe, comprising the numberless varieties of Miliola which 
show only two chambers externally, the ultimate and the penultimate. The form of the 
mai^, the extent to which the edges of the chambers overlap, the greater or less globosity 
of the segments, and the shape of the aperture, differ in almost every specimen ; and, 
although the general appearance of the shell is much affected by these variations, they are 
of no value as characters on which to found any real specific subdivision. It is, 
however, convenient to recognise some of the most important of the modifications of the 
ordinary plan of growth, though the very fact of the inconstancy of their characters pre- 
cludes our viewing them as anything more than varieties ; of these, perhaps, Bilocidina 
ehngata, D'Orb.,^ B. depressa, D'Orb., B. apJKBra^ D'Orb.,2 and B, contraria, D'Orb., are 
the most important. 

1 Biloculina ehngata, D'Orb., 1826. Ann. Sc. Nat, vol. vii, p. 298, No. 4 ; Parker and Jones, Phil. 
Trans. 1865, p. 409, pi. 17, figs. 88, 90, 91. 

* B, sphtera, D'Orb., 1839. Foram. Am. M^r., p. 66, pi. 8, figs. 13-6; Brady, 1864, Trans. Linn. 
Soc, vol. xxiv, p. 466, pi. 48, fig. 1. 
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BUoculina ringem is common in almost eveiy, sea, abounding all round our own 
islands. We find it, with most of the other Mil%ol<B, in Tertiary deposits, but not reaching 
further back than the Eocene beds of the Paris Basin. We find it rare in the Upper 
Crag, together with its variety B. ehngata ; but in the Sutton Crag it is large and 
common \ ai;id many of the specimens have somewhat narrow but ventricose chambers 
(fig. 28), tending towards the variety known as B. contraria, 

Biloctdina contraria, D'Orb., which is one of the extreme varietal forms of B. ringens, 
is figured in the 'For. Fos. Vien.,' p. 266, pi. 16, figs. 4—6; and by Brady, * Trans. 
Linn. Soc.,' vol. xxiv, p. 246, pi. 48, fig. 2. Some of the sub-varieties, which, like Plate III, 
fig. 28, form passages between it and B, ringens, are — 

BiloeuUna opponta, Deshayes, 1831. Coq. Caract. Tert., pp. 252, 259, pi. 3, figs. 8-10; Monia'a 
Gat. Brit. Fobs., 1843, p. 61 ; and 2nd edit., 1854, p. 61. 

— oblauffa, D'Orb., 1839. Foram. Cuba, p. 163, pi. 8, figs. 21-23. 

— Patagonica, Id., 1839. Foram. Am^r. M^r., p. 65, pi. 3, figs. 15-17. 

— irregularis, Id., 1839. Ibid., p. 67, pi. 8, figs. 20, 21. 

— Bougainvillei, Id., 1839. Ibid., figs. 22-24. 

— affinis. Id., 1846. For. Fos. Vien., p. 265, pi. 16, figs. 1-3. 



2. BiLOCULiNA DEPRESS A, D'Orbiguy. Plate III, figs. 29, 30. 

BiLocuLiErA DEPBE88A, D*Orb,, 1826. Module No. 91 ; Ann. 8c. Nat, vol. fii, p. 298, 
No. 1. 

— CABINATA, Id., 1839. For. Cuba, p. 148, pi. 8, fig. 24 ; pi. 9, figs. 1, 2. 

— LUNULA, Id., 1846. For. Fos. Vien., p. 264, pi. 15, figs. 22—24. 

— UMBONATA, Wood, 1843. Morris's Catal. Brit. Fobs., 1st edit., p. 61. 

— AMPHicoNiCA, Bews, 1850. Denks. Akad. Wien., vol. i, p. 382, pi. 49, 

fig. 5. 

— KIN GENS, var, CABINATA, WiUiamsoH, 1858. Rec. Foram. Gt. Brit., p. 79, 

pi; 7, figs. 172—174. 
MiLiOLA (Bilocuuna) DEPBE88A, Parker and Jones, 1865. Phil. Trans., vol. civ, p. 409, 

pi. 17, figs. 89, a, 89,6. 

Characters, — Similar to the typical form B. ringens, but differing in the more 
flattened shape of the chambers. Shell lenticular ; margin sharp and carinate. Length, 
^th inch. 

BUoculina depressa is found in company with the typical B, ringens, wherever the 
latter occurs. The only specimens we have from the Crag are those in Mr. Searles Wood's 
gatherings from Sutton. 
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Subgenus — Triloculina, B'Orhigny. 

General characters. — Having three chambers visible externally ; either carinate or 
rounded. 



1. Teiloculina tricarinata, lyOrbigny. Plate III, figs. 33, 34. 

Tbiloculina tbicabinata, B^Orh.^ 1826. ModMe No. 94; Ann. des Sc. Nat, vol. vii, 

p. 299, No. 7. 
— — Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 466, pi. 48, 

fig. 3. 
MiLiOLA (Tbiloculina) tbicabinata, Parker and Jones, 1865. Phil. Trans., vol. civ, p. 409, 

pi. 15, fig. 40. 

Characters. — Shell elliptical, angular, having the chambers produced at the margins 
so as to form three carinate edges. Aperture at the end of the outermost chamber. 
Length, ^sth inch. 

JVUocdina trigonula, Lamarck, being regarding as the best sub-type of the Trilo- 
culine Miliola, the sub-variety T. tricarinata bears the same relation to it that Bitoculina 
depressa does to B. ringens; that is to say, it is the form which assumes sharp angular 
margins, instead of the rounded contour of the sub-type. Mr. Wood found it large 
and rare at Sutton. The true sub-typical form, though much more widely distributed 
than this variety, we have nowhere met with in the Crag. 

TrUocidina tricarinata can scarcely be called a common Foraminifer ; for, though it 
occurs in localities far distant from each other, it is seldom found in aDy abundance. We 
have one or two specimens from the British Seas ; in deeper water and in more northerly 
latitudes small specimens are frequent; but perhaps it attains its maximum size and 
frequency on the Australian coast. Geologically, its occurrence is, so far as we know, 
confined to the Tertiary formations, commencing in the Eocene deposits of Grignon, in 
the Paris Basin. 



2. TwLocuLiNA (QuiNquELOCULiNA) OBLONQA, Moutagu. Plate III, figs. 31, 32. 

Vebmiculum oblongum, Montagu, 1803. Test. Brit, p. 522, pi. 14, fig. 9. 
Tbiloculina oblonga, D'Orb., 1825. ModMe No. 95 ; Ann. Sc. Nat., vol. yii, p. 300, 

No. 16. 
— — Id., 1839. Foram. de Cuba. p. 175, pi. 10, figs. 3-5. 
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Triloculina bbuknea, Id., 1839. For.Caba, p. 180, pi. 10, figs. 21—23. 

— Mabtiana, T. Chemnitziana, T. nitida, D'Orh., 1839. For. Canar., pi. 3, 

figs. 16—24. 

— CONSOBRINA, IfOrh., 1846. Foram. Fobs. Vien., p. 2/7, pi. 17, figs. 

10—12. 
QuiNQUELOCULiNA Mayebiana, Jef., 1846. For. Fobs. Vien., p. 287, pi. 18, figs. 1 — 3. 
Triloculina microdot, Ecum, 1850. Denks. Aknd. Wien., vol.i, p. 382, pL 49, fig. 9. 

— NiTENS, Id,, 1850. Ibid., p. 383, pi. 109, fig. 10. 

MiLiOLiNA SEMINULUM, var, OBLONGA, Williamson, 1858. Rec. Foram. Gt. Brit., p. 86, 

pi. 7, figs. 186, 187. 
Triloculina oblonga, Parker and Jones, 1857. Ann. Nat. Hist., ser. 2, vol. ziz, p. 300, 
pi. 10, fig. 37; 1859, ibid., ser. 3, yoI. iv, p. 343s 1863, vol. xii, 
p. 437. 
MiLiOLA (Triix)CULINa) CONSOBRINA, Egger, 1857. Foram. Mioc.-Schicht., p. 10, pi. 2, 

figs. 7, 8. 
Triloculina oblonoa, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 472. 
MiLioLA (Quinqueloculika) oblonga, Par^^ and Johm, 1865. Phil. Trans., vol. civ, 

p. 4 11, pi. 15, figs. 34—41 ; pi. 17, 85, a, 85,6, 
86, a, ^S, b. 

Characters, — Shell, elongated, compressed, margins of the chambers rounded. Length, 
75th inch. 

It is of but little consequence whether we regard this feeble flattened MUiola as 
belonging to the Triloculine or the Quinqueloculine group. In the feeblest forms, which 
are perhaps the most distinct from the type, it is Triloculine ; but examples may easily be 
found which would form a regular series, passing by insensible gradations to the fully 
developed Qinnqueloculina seminuhim. The Crag specimens are generally Triloculine ; 
those in Mr. Searies Wood's collection from Sutton are singularly fine ; from the Crag 
witli Cardita senilis (Gedgrave) we have but one or two small examples. In Mr. Sorby's 
gatherings from the Bridlington Crag the specimens are numerous, but not so large as 
those from Sutton. 

Triloculina ohlonga is found in shallow water, associated with other Miliola, in seas 
of every latitude ; and minute specitnens have been met with, even in abyssal depths, in 
the North Atlantic (2330 fathoms). We find it in most marine Tertiary clays, but it 
ilocs not seem to date back further than the Eocene period. 

The synonymy of Miliola seminulum, var. oblonga, is very extensive. This variety 
accompanies the better marked forms of Miliola, and has received very many appel- 
lations. 



MILIOLIDA. 

Sulgenw — QuiNquKLOCULiNA, lyOrhigny, 
General character. — Five chambers visible externally. 

1. QoiNquELOcuLiNA 8BMINULUM, Lifine. Plate III, figs. 35, 36. 

Seepula 8EM1NULUM, Ufiniy 1767. Syst. Nat., 12th ed., p. 1264, No. 791. 

— 07ALI8, Adams^ 1800. Trans. Linn. Soc, ^1. v, p. 4, pi. 1, figs. 28 — 30. 
Vekmiculum INTORTUM, Montoffu, 1803, Test. Brit., p. 502. 

Serfula semjnulum, Matan and Raekeit, 1807. Trans. Linn. Soc., yoI. yiii, p. 245. 
Vermiculum intortum, Fleming, 1822. Mem. Wern. Soc, vol. i?, p. 564, pi. 15, fig. 3. 
QuiNQUELOCULiNA 8EMINULUM, d* Orb., 1826. Ann. Sc. Nat., vol. vii, p. 303, No. 44. 

— MERiDiONALis, Id., 1839. For. Am6r. M^r., p. 75, pi. 4, figs. 1 — 3, 

10—13. 

— IsABELLBi, Id., 1839. Ibid., p. 74, pi. 4, figs. 17—19. 

— Araucana, Id,, 1839. Ibid., p. 7Q, pi. 9, figs. 13—15. 

— Maoellanica, Id., 1839. Ibid., p. 77, pi. o, figs. 19 — 21. 

— PAUPERATA, Id., 1846. For. Fos. Vien., p. 286, pi. 17, figs. 22—24. 

— Hauerina, Id., 1846. Ibid., p. 286, pi. 17, figs. 25—27. 

— Akneriana, Id,, 1846. Ibid., p. 290, pi. 18, figs. 16—21. 

— IHPRESSA, Beu99, 1851. Zeitschr. Deutsch. Geol. Oesell., vol. viii, 

p. 87, pi 7, fig. 59.1 

— 8EMINULUM, Parker and Jones, 1857. Ann. Nat. Hist., 2nd ser., vol. xix, 

p. 300, pi. 10, figs. 34—36. 
MiLTOLiNA 8EMINULUM, Williamson, 1858. Bee. Foram. 6t. Brit., p. 85, pi. 7, figs. 183 — 

185. 
QuiKQUELOCULiNA 8EMINULUM, Brady, 1864. Trans. Linn. Soc., vol. xxiv, p. 472. 
MiLTOLA (Qujnqueloculina) 8EMINULUM, Parker and Jones, 1865. Phil. Trans., vol. civ, 

p. 410, pi. 15, fig. 35a, 356; pi. 17, fig. 87. 

The foregoing are some selected examples from the synonymy of the best form of this 
species. • 

Characters. — Shell oblong, sub-compressed ; margin rounded ; segments ventricose. 
Colour, white to yellowish-brown. Length, ^^th inch. 

The common typical robust Miliola, observed by Plancus, Graultieri, Fabricius, 
Schroter, and indeed, by nearly all the early authors on marine organisms, was first 
properly described by Linn^, in the tenth edition of the * Systema Naturae' (1758), under 
the name of Serpula seminulum. There are perhaps few members of the animal kingdom 
which have so often received the attention of naturalists, or that have been named and 

^ Figs. 56/ 57j 58, of the same plate, seem to be more globose forms of Q. seminulnm. 

2 



10 FORAMINIFERA OF THE CRAG. 

re-naraed so frequently as the little shell now under notice. We may look upon this as tjie 
tnie specific type to which the whole of the varieties of the MUiola belong, although 
for convenience we confine the use of the name to the particular form of shell indicated by 
the general characters above given. As might be supposed, its distribution is world-wide 
— scarcely a sample of sea-sand, either dredged or littoral, from any quarter of the globe, 
can be examined without finding specimens of it. In the Crag deposits we have it, in Mr. 
Searles Wood's collection, from Sutton, very large and common ; from Gedgrave and 
Sudboume ; and from the Red Crag of Essex. From the Bridlington Crag we have many 
specimens, for which we are indebted to Mr. H. C. Sorby. Quinqueloctdina setninulum 
is common in the Grignon Beds of the Paris Basin, and in many subsequent Tertiary 
strata. Varieties of Q. semimdum occur also in the Cretaceous deposits. 



2. QuiNQUELOCULiNA TRIANGULARIS, L'OrUgny. Plate IV, fig. I. 

QuiNQUELOcuLiNA TRiANGULAEis, UOrb., 1826. Ann. Sc. Nat., vol. vii, p. 302, No. 34. 
— — Id., 1846. For. Fom. Vien., p. 288, pi. 18, fig«. 

7-9. 
MiLioLA (QuiNauELOCULiNA) 8EMINULUM, Parker and Jones, 1865. Phil. Trans., voI.cIt, 

p. 410, pi. 15, figs. 35a, 35&. 

Characters. — Shell oval, convex ; end-view more or less triangular. Colour, white to 
yellowish-brown. Length, ^^th inch. 

A few large angular Quinqueloculine Miliol<B occurring in the Lower Crag of Sutton, 
together with some smaller specimens from the " Crag with Polyzoa," and others from 
the Bridlington Crag, seem to claim separation from the typical form, and may be taken 
together conveniently, with D'Orbigny's name triangularis, as a sub-varietal designation. 

They present the nearest approach we have in the Quinqueloculine series to 
the angular condition represented by Biloculina depressa and Triloculina tricarinata, in 
their respective subgenera, although the margins of the chambers present somewhat 
softened angles, rather than any prolongation into carinae. Miliola with these characters 
are to be found in the Mediterranean, the Red Sea, the South Atlantic, the Pacific, and 
the Indian Oceans, and, as fossils, in the Tertiary clays of the North of Italy, and the 
Vienna Basin. In some of these localities they appear to take the place of the typical 
Miliola (Quinqueloculina) seminulum. 

Quinqueloculina semiplana, Reuss, * Zeitsch. Deutsch. Geol. Ges.,' vol vii, p. 275, pi. 10, 
fig. 1 (from the Chalk of Mecklenburg), can scarcely be distinguished from ^. triangularis. 

The difficulty of drawing definite lines among the varieties and sub-varieties of MilioUe 
will be readily realised, if we endeavour to work out the synonymy of such Quinque^ 
loculince as are typified by Q. triangularis; D'Orbigny's Q. Lamarckiana ('For. Cuba,' 
pi. 11, figs. 14, 15) ; Q. Auberiana (Ibid., pi 12, figs. 1—3) ; Q. Buchiana (' For. Fos. 



MILIOLIDA. 11 

Vien./ pi. 18, figs. 10 — 12), and very many more noticed by D'Orbigny and others, are 
mere modifications of Q. seminulum, with more or less defined angles. 

8. QUINQUELOCULINA SUBROTUNDA, Montogu. 

Sebpula, Walker, 1784. Teat. Min., p. 2, pi. 1, fig. 4. 

Yebmiculum 8UBR0TUNDUM, Montaffu, 1803. Test. Brit., Part 2, p. 521 ; Fleming, 1823, 

Mem. Wern. Soc, vol. i?., p. 565, pi. 15, fig. 5. 
QuiNQUELOCULiNA SUBROTUNDA, D' Orb,, 1826. Ann. Sc. Nat., vol. vii, p. 302, No. 36. 

— — Wood, 1843. Morris's Cat. Brit. Fobs., p. 63. 

— SBMINULUM, var. SUBBOTUNDA, Parker and Jonea, 1859. Ann. Nat. Hist., 

3rd ser., vol. iv, pp. 336, 341, and 351. 
MiLiOLA (Quinqueloculina) SUBROTUNDA, Id., 1865. Phil. Trans., vol. civ, p. 411, pi. 15, 

fig. 38. 

Characters. — A small, roundish, hi-couwex wdiTietj oi Quinqueloculina seminulum, Linn. 

Widely distributed in the Atlantic, if not in other seas, accompanying other Miliola. 
Mr. S. Wood found it in the Sutton Crag, and another exafnple occurred to us ; but the 
specimens have been lost.^ 



4. QuiNquELocuLiNA TENUIS, Czjzek. 

QuiNQUELOCULiNA TENUIS, Czjzek, 1848. Haid. Abhandl. Wiss., vol. ii, p. 149, pi. 13, 

figs. 31—34. 
— — Retu9, 1851. Zeitsch. Deutsch. Geol. Ges., vol. iii., pi. 7, fig. 60. 

MiLiOLA (Quinqueloculina) tenuis, Parker and Jones, 1865. Phil. Trans., vol. dv., 

p. 411, pi. 17, fig. 84. 

Characters. — Nearly complanate, but often curved, thin, more or less unsymmetrifcal ; 
presenting an extreme enfeeblement of Q. seminulum, Spiroloculine in aspect, and twisted 
on itself. 

Q. tenuis is small and very rare in the Crag of Sudboume (specimen lost). It lives in 
the Atlantic and Mediterranean, at considerable depths. It is fossil in some Tertiary beds 
of Germany^ and in the Lias of England. 

^ We regret much that we have been compelled to make the remark ** specimens lost," in connection 
with several species, one or two of them amongst the rarest of the Crag Foraminifera. We may explain, 
that quite recently, since the plates which are appended to this Monograph were engraved, we had picked 
out of our latest gatherings specimens of all the forms which had not been drawn, intending to make from 
them a fifth plate. The specimens were packed and sent by post, with a view to their being placed in the 
engraver's hands, but the parcel miscarried ; and, notwithstanding the careful inquiries of the Post-Office 
authorities, which we are bound to acknowledge, it has not been heard of since. Except in the necessary 
omission of figures, and, in one or two cases, the want of details of measurement, the accuracy of the letter- 
press is not afifected by the loss. 
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5. QuiNQUELOCULiNA Ferussacii, If Ovhigny. Plate IV, fig. 4. 

QuiKQUELOCuuNA Feeussacii, D'Orb., 1826. ModMe No. 32 ; Ann. Sc. Nat« toL Tii, 

p. 301, No. 18. 

— Berthelotiana, Id., 1839. Foram. Canaries, p. 142, pi. 3, figs. 25—27. 

— IN^QUALTS, Id., 1839. Ibid., p. 142, pi. 3, figt. 28—30. 

— BI008TATA, Id., 1840. Foram. Cuba, p. 194, pL 12, figs. 8 — 10. 

— POLYGONA, Id., 1840. Ibid., p. 198, pi. 12, figs. 21—23. 

— TRiCAEiNATA, Jrf., 1840. Ibid., p. 187, pL 11, figs. 7— 9. 

— coNOAYA, RevM, 1850. Denks. Akad. Wien., toI. i, pi. 51, fig. 2. 
MiLiOLiNA BicoRNis, var. AKOULATA, WUliatMon, 1858. Rec. For. Gt Brit., p. 88, pi. 2, 

fig. 196. 
MiLioLA (Qutnqueloculina) Febussacii, Parker and Jones, 1865. Phil. Trans., vol. cIt, 

p. 411, pi. 15, fig. 36. 

Characters. — Chambers arranged as in the other Quinqueloculina. Surface of the 
shell traversed by a few coarse longitudinal ridges. Colour, white to dirty white, or 
yellowish. Length, ^^th inch. 

The assemblage of forms which we associate under the general name Q. Feru9sacii 
comprises specimens varying greatly, not only in the extent of the development and over- 
lapping of the segments, and consequently in shape, but also in the amount and nature 
of the surface-ornamentation. D'Orbigny's Modele No. 82, is a thick elongated Miliola, 
with a very few stout longitudinal ridges at irregular intervals, and at first sight will be 
thought a very different form from that which we figure. We shall therefore enumerate a 
few of the more important varieties which have been named by other observers, in order 
to show the great range of variation which exists amongst members of the group. In 
D'Orbigny's ' Cuba ' Monograph we find Quinqueloculina bicostaia and Q. polygona, both 
of which have almost exactly the characters of the " Model," and in Q. tricarinata we 
have what is evidently an anomalous specimen of the same variety, differing from tlie 
others chiefly in the confused setting-on of the ribs, which are partly in longitudinal lines, 
and partly reticulated or looped. In his South-American work there are interesting 
figures of two sub-varietal forms, both of which possess an ornamentation of fine striae, 
in addition to the main angular ridges ; one of these, Q. flexuosa (p. 73, pi. 4, figs. 4 — 6), 
has the striae running in an oblique direction ; in the other, Q. Inca (p. 75, pi. 4, figs. 
20 — 22), they are parallel with the ridges. Some other slightly differentiated forms, 
tending in the direction of the Spiroloculine series, have been figured ; and, were we to 
take certain of the so-called Spiroloculina, such as Sp. cymhium (D'Orb.), we should find 
it impossible to describe them by any zoological term which would not apply equally well 
to many specimens of the form now under consideration ; indeed, the inosculation is so 
complete, as to render any specific (not to say generic) distinction impracticable, however 
necessary it may be for the sake of convenience to recognise the artificial division of the 
family. The single specimen (Plate IV, fig. 4) from the Crag is one of the out-spread 
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varieties, not far removed from the transitional forms above alluded to ; the ridged marginal 
border being almost the only character connecting it with Q. Ferusaacii. 

It is very diflScult, therefore, if not impossible, to define the limits of this variety, which 
passes into the true Q. seminulum on one hand, and into several varieties (of little value) on 
the other. The synonyms above given are merely a selection. 

Stout-ribbed Quinqueloculina are not uncommon wherever the other Miliola exist, 
though they seldom occur in any great abundance ; we find their shells also in fossiliferous 
Tertiary strata in the neighbourhoods of Paris and in the Vienna Basin. In the Crag we 
only note its occurrence at Sutton. 

6. QuiNQUELOCULiNA PULCHELLA, L' Ovbigny. Plate IV, fig. 3. 

QuiNquELocuLiNA PULCHELLA, D' Or ft. , 1826. Ann. Sc. Nat., vol. vii, p. 303, No. 42; 

Soldani, Testae, ac. Zooph., vol. iv, p. 53, pi. 18, 
figs, e and/. 

— Vernediliana, Schkeibersii, Josephiana, Id,, 1846. For. Foss. 

Vien., p. 296, pi. 19, figs. 19—27. 

— PULCHELLA, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 466, pi. 48, 

fig. 4. 

Characters. — Shell traversed by several stout parallel longitudinal costae. Segment 
arranged as in the other Quinqueloculina. Colour white, dirty-white, or brownish. 
Length, ^th inch. 

The varying conditions of the surface of the shell in respect to texture and orna- 
mentation are among the least of the secondary characters on which the artificial sub- 
division of the Milioline groups may be founded. These characters cannot boast any 
greater permanency than we have ascribed to those on which the larger divisions have 
been determined. The texture of the normally porcellanous Foraminiferal shells may, 
under altered circumstances, present every gradation from white and smooth to brown, 
rough, and purely arenaceous ; and the surface-markings, which so many species exhibit, 
are seen in every degree of intensity, from delicate hair-like striae and fine riblets, 
to deep sulcations and bar-like ribs. But, whilst it is impossible to draw any defined limit 
between these diflTerent forms of ornamentation, they are sufficiently striking in their 
external development to yield a ready means of dividing what would otherwise be a some- 
what unwieldy and heterogeneous collection of forms. 

The bold and strongly ribbed Quinqueloculina pulchella is not a common shell ; and 
only a single specimen has occurred to us in our examination of the Foraminifera of the 
Crag, This specimen, from Sutton, is in Mr. Searles Wood's collection ; and although it 
is broken and much worn, we have no hesitation in assigning it to this sub-species. On 
the British coast, Q. pulchella is a very rare form ; but it is more frequent in the Mediter- 
ranean, and in tropical seas. It is occasionally found in the Tertiary fossiliferous deposits, 
but does not appear before the Grignon Beds of the Paris Basin. 
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7. QuiNQUELOCULiNA Bronqniaetii, V Otbigny, Plate III, figs. 41, 42 ; Plate IV, fig. 2. 

PoLLONTES YBSicuLARiSy Moni/oft, 1808. CoDch. SyBt, vol. i, p. 246. 
Adblosina striata (young Q. Bro>t^niflr/t7),D*Or6., 1826. Module No. 18 ("young"), 

No. 97 ("adult") ; Ann. Sc. Nat., vol. vii, p. 304, No. 2. 
Triloculina Bkongniaetii, D*Orb., 1826. Ann. Sc. Nat., vol. vii, p. 300, No. 23; 

Soldani, TeBtac. J^ooph., vol. iii, p. 229, pi. 154, figs, bb, 
cc, dd, te,ff,gg. 
— — Id,, 1839. Forara. Cuba, p. 176, pi. 10, figs. 6—8. 

QuiNQUELOcuLiNA GuANCHA, W., 1839. Foram. Canaries, p. 143, pi. 3, figs. 34 — 36. 

— Partschii, Id., 1846. For. Fos. Vien., p. 293, pi. 19, figs. 4—5. 

— BouEANA, Id., 1846. Ibid., p. 293, pi. 19, figs. 7—9. 

— Ddtemplei, irf., 1846. Ibid., p. 294, pi. 19. figs. 10—12. 

— NussDORFiENSis, W., 1846. Ibid., p. 295, pi. 19, figs. 13—15. 
Triloculina dichotoma, RtuM, 1850. Denks. Akad. Wien., vol. i, p. 383, pi. 49, fig. 12. 
QUINQUELOCULINA 8TRI0LATA, Jrf., 1850. Ibid., vol. i, p. 385, pi. 50, fig. 10. 
Adelosina cretacea, Id., 1851. Haiding. Naturw. Abhandl., vol. iv, p. 46, pi. 5, fig. 15. 
QUINQUELOCULINA Brononiartii, Parker and Jones, 1860. Ann. Nat. Hist., ser. 3, vol. vi, 

p. 344. 

Characters. — Shell having a surface-ornamentation of delicate, parallel, longitudinal 
striae. Segments arranged as in the other Quinqueloculine Miliola. Colour white to 
yellowish. Length, i^tli to ^th inch. 

The finely striated Miliola included under this sub-varietal term may be found in 
every condition^ from that approaching the common smooth unornamented shell, in which 
but a few short lines appear at the base of the penultimate chamber, as in Plate IV, fig. 2 
(a condition represented to some extent in D'Orbigny's *Modeles ' Nos. 18 and 97), to 
that in which the whole of the surface is covered by delicate hair-like markings. 

Mr. Wood's collection contains but a few specimens from Sutton, and we have not 
noticed the variety in the other Crag deposits. We have never seen examples having 
precisely the characters of Q. Brononiartii from our own coast, though we have a fair 
approach to it in some specimens of Q. bicornis, in which, though the marking is analogous, 
the shape of the shell is sufficiently distinct to justify separation. We find it occasionally 
in the Mediterranean, and in most shallo w- water- dredgings from tropical seas. In the 
Tertiary clays of the North of Italy, in the Miocene of the Vienna Basin, and in the 
Eocene of the Paris Basin, it is also sparingly found. 
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Subgenus — Spiroloculina, L'Orbigny. 

General characters, — Shell consisting of numerous segments arranged spirally on one 
plrne. Segments scarcely embracing, so that the whole number are visible on both 
lateral faces. 



1. Sfisoloculina planulata, Lamarck. Plate III, figs. 37, 38. 

Mtliolites planulata, Zflm., 1805. Ann. Mus., vol. v, p. 352, No. 4. 

MiLiOLA — Befr., 1824. Diet. Nat. Sc, xxi, p. 68. 

Spiroloculina defuessa, D*Orb,, 1826. Module No. 92. Ann. Sc. Nat., vol. vii, p. 

298, No. 1 ; Soldani, Test. Zooph., vol. iii, p. 229, pi. 155, 

figs, k k. 

— Badenensis, Id., 1846. For. Foss. Vien.,p. 270, pi. 16, figs. 13—15. 

— DiLATATA, Id,, 1846. lb., p. 271, pi 16, figs. 16—18. 

— EXCAVATA, Id., 1846. lb., figs. 19— 21. 

— CONCENTBICA, Si Wood, 1843. Morris's Cat. Brit. Foss., p. 64. 

— DEPRESSA, Jones, 1854. lb., 2nd edit., p. 43. 

— — var. ROTUNDATA, Williamson, 1858. Rec. For. Gt. Brit., p. 82, 

pl.7, fig. 178. 

— PLANULATA, Parker and Jones, 1860. Ann. N. Hist., 3rd ser., vol. v, p. 466 ; 

P. J. and Brady, 1865, ib., vol. xvi, p. 33. 

Characters. — Shell elliptical or oblong, complanate; chambers all visible; margins 
more or less rounded. Length, Jth inch. 

This is the central, sub-typical form of the Spiroloculina. Amongst the fine bold 
spedmens belonging to this group there is less variation from the normal condition than 
in any other of the Milioline sub-genera. The chief deviations which we find are those 
arising from feeble growth, giving rise to an elongated starved condition of the shell ; or, 
as a result of rapid development from very small central chamber, an extremely bi-concave 
form in the adult. There are also occasional irregularities in the contour of the shell, 
fix)m the much curved or sigmoidal growth of the chambers, and from the hollowing of 
their lateral faces ; but the absence of surface-marking from the entire group lessens the 
number of varieties requiring trivial names. 

Spiroloculina planulata is common in the Sutton Crag, and the specimens obtained 
from that source are of good size and of coarse growth. From the Polyzoan Crag we 
have seen only a few small examples. Geologically, Spiroloculina appear amongst the 
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earliest of Miliola, if not the first of all in point of time. A feeble variety of the form 
now under consideration is fomid in the Lower Lias Clay of Warwickshire ; and it occurs, 
associated with the other Miliola, in nearly if not quite all the Tertiary strata that yield 
Foraminifers. 

It is a very common form at all depths in the British seas, and partakes of the cosmo- 
politan character of the other sub-typical forms of the family. 



2. Spiroloculina canaliculata, VOrUgny. Plate III, figs. 89, 40. 

Sfiboloculina ctmbium, D'Orh., 1839. Foram. Canar., p. 140, pi. 3, figs. 5, 6. 

— CANALICULATA, W., 1846. FoF. F08S. VicD., p. 269, pi. 16, figa. 10 — 12. 

— LiMBATA, Bomemann (non D'Orb.), 1855. Zeitach. Deutach., (}eol. Oea., 

▼o1. Til, p. 44, pi. 8, fig. 1 ; Beuss, 1863, Sitz. Akad. TTien., 
vol. xlviii, p. 64, pi. 8, fig. 89. 

— DKPBESSA, et var. cymbium, WilliafMon, 1858. Rec. For. Gt. Brit., p. 82, 

pi. 7, figs. 177, 179. 

— CANALICULATA, Parker and Jones, 1862. App. Carpenter's Introd. For., 

p. 312, pi. 6, fig. 2. 

Characters. — Segments arranged as in the other Spiroloculina. Lateral faces of the 
chambers concave, in extreme examples the peripheral margins bearing a groove due to 
the prominence of the marginal ridges. Length, ^th inch. 

We prefer retaining the trivial name used in D'Orbigny's Monograph on the Foramini- 
fers of the " Vienna Basin," in preference to the earlier one employed in his work on the 
Foraminifera of the Canaries, inasmuch as the figures to which it is applied indicate a shell 
of medium growth, and therefore more typical in character, and a better representative of 
the little group to which both varieties pertain. The figured variety in the latter work, 
8p. cymbium, is one of the feeble and perhaps transitional forms, concerning many of 
which it is difficult to say whether they belong to the Spiroloculine or the Quinqueloculine 
sub-types. In Sp. canaliculata each chamber is more or less bi-concave; and in its 
extreme development the marginal ridges become very prominent, producing a well- 
marked marginal groove on the peripheral edge of the shell. 

In the Lower Crag of Sutton we have many large specimens ; but we are not able to 
speak of its occurrence in the Crag of other localities. Recent specimens are not 
uncommon; indeed, it may be said to occur wherever Spiroloculine Miliola are 
found, whether in shallow seas, or in fossiliferous beds formed under similar cir- 
cumstances. 
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Oenu9 — Penbroplis, De MantforL 

Nautilus, Forskah Spengler, LinnS, Gmelin^ BaUch^ Fiehiel and Moll, 

Sfirolina and Cbistbllaria, Lamarck, 

Peneboplis, De MafU/ort, DeBlainville^ D'Orhigny^ Carpenter^ &c. 

General characters. — Shell free, equilateral, regular, more or less nautiloid. Form 
very variable ; lenticular, outspread, or crozier-shaped. Surface usually obliquely striated. 

• Each convolution formed of numerous narrow undivided segments. The outer whorl 
embracing those within it, and in the complanate varieties almost concealing them. 
Apertures variable, either single (in young shells) or numerous and distinct, or else 
taking the form of one large dendritic orifice caused by the coalescing of a linear series 

, of pores. 



Subgenus — Dendritina, IfOrhigny. 

General characters, — Shell nautiloid, lenticular, turgid. Pseudopodial aperture large, 
irregular, dendritic. 



1. Dendritina arbuscula^ B'Orhigny. Plate III, figs. 48, 49. 

Dekdbitina ABBU8CULA, D*Orb,, 1826. ModMe No. 21. Ann. de Sc. Nat., vol. vii, p. 285, 

No. 1, pi. 15, figs. 6, 7. 
Pbnbboplis planatus {F, and ilf.), var., Carpenter^ 1859. Phil. Trans., vol. cxlix, p. 9, 

pi. 2 ; Introd. For., p. 88, pi 8. 

Characters. — Shell nautiloid, turgid, thickened at the umbilicus, rounded more or less 
at the margin. Aperture a single large ramifying orifice, formed by the coalescence of 
numerous small pores, arranged either in a line or otherwise. Diameter, ^th inch. 

In speaking of the earlier authors who have studied the different forms of Peneroplis 
(* Ann. Nat. Hist.,' March, 1865), we have stated our views fully as to the value of the 
subdivision of the type into genera and species. (See also Carpenter's memoir, ' Phil. 
Trans.,' 1859, and his 'Introd. Foram.,' p. 84.) Notwithstanding the wide variations in 
general contour, and in the nature of the pseudopodial apertures which may be observed 
in different specimens, there can be no doubt that the whole constitute but one true 
species. A.t the same time we are able to divide them roughly, according to the nature 
of their divergence from the central type, into three or four groups, for which, as causing 
least confusion, we propose to keep the well-known and hitherto accepted names, giving 
to them a subgeneric place. Of these groups, that centering in Peneroplis {Dendritina) 

3 
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arbmcula is one of the most interesting in a zoological point of view ; and the careful , 
study of its peculiarities has been one of the chief means of reducing to a proper level the 
exaggerated views held by M. D'Orbigny and others as to the value of the form and 
character of the pseudopodial apertures in the determination of species amongst the 
Rhizopods, Dr. Carpenter has entered very fiiUy into this question (' Phil. Trans./ 1859 ; 
and 'Introduction/ pp. 88 — 91), and all who have had the opportunity of examining large 
numbers of specimens will agree in his conclusions. 

Dendritina AntUlarum, D'Orb., 1839, 'Foram. Cuba/ p. 58, pi. ?> figs. 3—6; and 
D, Hauerii, D. Jtdeana^ and D. eleyans, D'Orb., *For. Foss. Vien.,' p. 134, pi. 7, figs. ^ 
1 — 6, are but slightly modified forms, or rather variously conditioned individuals, of the 
nautiloid Peneroplis under consideration. 

Dendritina arbmcula has not so wide a distribution as the other varieties of Feneroplis, 
and the specimens are generally smaller than those of the outspread varieties. It has its 
home in shallow seas in tropical latitudes ; and it is abundant in some parts of the Adriatic* 
and Mediterranean. In the Tertiary beds it is occasionally met with as low as the 
Miocene of Bordeaux, the OUgocene of Germany, and even the Eocene of the Paris Basin. 

The specimen figured by us from the Crag is, we believe, unique, and has a somewhat 
worn appearance. It is either from Sudbourne or Gedgrave. 



Subgenm — Spirolina ctlindracea, Lamarck. 

Spirolina (Spirolinites) cylindracba, Lamarck, 1804. Ann. Mas., vol. v, p. 245, No. 2 ; 

1806, ibid., vol. viii, p. 388, pi. 62, fig. 15 ; 

1816, Tabl. Enc. Meth., part 23, pi. 465, fig. 

7 a-c, and pi. A^^. ^^, 2, a, 6 ; 1822, Hist. 

Anim. s. Vert., vol. vii, p. 603, No. 2. 
Spirula cylindracea, Blainville, 1824. Diet. Sc. N., vol. xxxii, p. 190 ; Malacol., p. 382, 

pi. 5, fig. 1. 
Spirolina cylindracea, 2>' Orb., 1826. ModMe, No. 24 ; Ann. Sc. Nat., vol. vii, p. 286, No. 1. 

— (et Spirolinites) cylindracea, De/r., 1827. Diet. Sc. Nat, vol. 1, p. 298, 

pi. 13, fig. 1. 

— CLAVATA, Crouch, 1827. Illust. Introd. Lam. Conch, p. 40, pi. 20, fig. 8. 

— CYLINDRACEA, BroHH, 1838. Lcth. Geog., vol. ii, p. 1135, pi. 42, fig. 24. 

— et peneroplis, var., Carpenter, 1859. Phil. Tr., vol. cxlix, pi. 2, fig. 11 ; 1862, 

Introd., p. 88, pi. 7, fig. 4. 
Peneeoplis planatus (F. and M.), var., Parker and Jones, 1859. Ann. Nat. Hist, ser. 3, 

vol. iii, p. 481 ; 1860, ibid., vol. v, p. 466. 
— PERTusus (Forsk.),! var., Parker, Jones, and Brady, 1865. Ibid., vol. xv, 

pp. 231, 232. 
Spirolina cylindracea (Lam), P. J. and B., 1865. Ibid., vol. xvi, p. 22. 

^ The wide variation in character presented specimens referable to the Peneroplid type has caused 
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General characters. — Numerous short, subcylindrical chambers, forming a long linear 
shell, of variable dimensions, truncate at one end, and perforated with either a single 
(often dendritic) aperture, or with several pores ; and at the other (first-formed) end 
curled into a little crook or knob : this, when small, is often broken off, leaving a tapering, 
awl-shaped, striated shell, delicate in shape and white in colour. 

Sp. cylindracea is common in the Mediterranean, Red, and Indian Seas. We have it 
small and very rare from the Crag of Sudboume (specimen lost). 

mach confusion in the nomenclature ; and it will be useful here to point out some of the best-marked 
forms of Pener&plis and its Tarieties, in chronological order : — 

1775. Nautilus pebtusus, Forskal (type: comprising broad and narrow varieties). Peneroplis 

pertusus, Forsk. 
1781. — BECTUS, Spengler (including a variety of Ariiculina). 
1785. — UMBiLiCATUS, LinnS (flat, curled like a crozier-head). Penercplis umbilieatus, 

Linn. 
1785. — SEMILITUUS, LinnS (flat, with crozier-head and short stem). Peneroplis 

semilitvuSf Linn. 
1788. — LiTUUS, Omelin (long, slender, cylindric, with one end curled). P. {Spirolina) 

lituus, 6m. 
1791. — (LiTUUs) ABiETiNUS, Batsch (narrow, flat, curled at end). P. arietinus, Batsch. 
* 1791. — — ACICULAEIS, Id. P. (Spirolina) lituus, 6m. 

1803. — PLANATUS, Fichtel and MolL (broad forms). P. planatus, F. and M. 

1804. Spirolina (Spibolinites) depbessa, Lamarck (two subvarietal forms; one nearly lenti- 

cular, Bendritina ?), P.pertusus, Forsk. 
1804. — — CYLiNDBACEA, /cf. (loug, sub-cyliudrical, with ouc end curled). 

P. (Spirolina) eylindraeea, Lam. 
1808. Peneboplts lanatus, Montfort. P. planatus, F. and M. 
1816. Cbistellaria. PLANATA, Cr. dilatata, Lamarck; and 1822, Cb. squamula. Lam. 

P. planatuSf F. and M. 
1826. Dendeitina abbuscula, D'Orb. (lenticular). P. (Bendritina) arbtueula, D'Orb. 
1839. CosGiNOsPiBA (Spibolina) Hempbichii, Ehrenberg (stout, cylindric, with boldly curved 

end). P. (Spirolina) cylindracea^ Lam. 

Although Forskal did not figure P. pertueutj yet there can be no mistake in regarding the following 
escription as especially belonging to it (* Descript. Anim. Itin. Orient.,' 1775, p. 125) : '' Having com- 
ressed whorls, transversely sulcated, and marked with slight longitudinal striae ; at the aperture per- 
forated with pores. Colour snow-white Whorls straight at the base [top], often dilated, some- 
times linear ; at the apex [earliest part] convolutely spiral.*' It was from Suez, Red Sea. 
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Genu9 — Orbiculina, Lamarck. 

Nautilus, Fiehtel and JMoU. 

Orbiculina, Lamarck. 

Abchaias, Helenis, and Ilotus, DeMant/ari. 

Obbicuuna, Lamareky Be BlainviUe^ D*Orbiffny, WiUiamam^ Carpenier^ &c. 

General character. — Shell complanate^ ear-shaped, sub-orbicular, or discoidal, usually 
thickened at the umbilicus. In typical specimens the plan of growth is spiral, frequently 
changing to cyclical, especially in large specimens. Septal bands narrow; chambers 
usually divided into chamberlets. Pseudopodial apertures in one or more rows on the 
peripheral margin of the last chamber. 



1. Orbiculina adunca, Fiehtel and Moll Plate III, fig. 44. 

Nautilus aduncus (adult), Fiehtel and Moll^ 1803. Test Microsc., p. 115, pi. 23, 

figs, a— e. 

— OBBicuLUS (middle-aged), Id., 1803. lb., p. 112, pi. 21, figs. a—d. 

— ANGULATUS (young), Fiehtel and Moll, 1803. lb., p. 113, pi. 22, figs, a — e. 
Abchaias spirans (= 0. angdlata), Montfort, 1808. Conchyl. Syst., p. 190. 
Ilotes botalitatus (=0. orbiculus). Id. lb., p. 198. 

Helenis spatosus (= 0. adunca), Id. lb., p. 194. 

Obbiculika adunca, Lamarck, 1816. Tabl. Encycl. Meth., pt. 23, pi. 468, fig. 2. 

— ANGULATA, Id. lb., fig. 3. 

— NUMMATA(=0.0BBICULU8), Jrf. lb., fig. 1. 

— NUM1SMALI3 — /</., 1822. Anim. 9. Vert., p. 609, No. 1. 

— ANGULATA, Id. lb., No. 2. 

— UNCiNATA (= 0. adunca), Id. lb., No. 3. 

— adunca ^ 

— ANGULATA I Be BlainvilU, 1824. Diet. So. Nat., ?ol. xxxii; and Malacologie, 

— NUMisMALis I pp. 373-375, after Lamarck. 

— NUMMATA J 

— NUMISMALIS, D'Ori., 1826. ModeleNo. 20; Ann. So.Nat.,Yol.vii. p.305,No. 1. 

— — Ehrenbergy 1838. Abhand. Akad. Berlin., 1839, pi. 3, fig. I. 

— ADUNCA, B'Orb., 1840. Foram. Cuba, p. 64, pi. 8, figs. 8—16. 

— — Williameon, 1851. Trans. Micr. Soc. Lond., 1st ser., vol. iii, p. 105. 

— — Carpenter, 1856. Phil. Trans., toI. cxlvi, p. 547, pi. 28, figs. 1—22, 

and pi. 29, figs. 1—3. 

— — Parker and Jones, 1860. Ann. Nat. Hist., 3rd ser., vol. v, p. 181. 

— — Carpenter, 1862. Introd. Foram., p. 93, pi. 8, figs. 1—12. 
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Characters.— Shell ear-shaped, reniform, or orbicular, compressed, thickened at the 
umbilicus. Chambers arranged spirally, usually divided into chamberlets. Pseu- 
dopodial orifices in one or more rows on the peripheral edge of the last chamber. 
Surface of the chamber frequently marked by delicate parallel transverse riblets. 
Diameter, ^th to jth inch. 

Orbiculina flourishes in warm seas, but seems to be very rare in the Mediterranean. 
It is sparingly found in some of the European Tertiaries. Only one specimen^ small and 
reniform, has occurred to us from the Crag (Sutton?). 



2. Orbiculina compeessa, VOrbigny, Plate III, fig. 43. 

Orbiculina compressa, jyOrh,, 1840. Foram. Cuba, p. 66, pi. 8, figs. 4 — 7. 
Orbitoliteb goscinodiscus, B. Wood, 1843. Morria'aCat. Brit. Foaa., p. 42; 1844, Mag. 

N. Hist., Tol. xiii, p. 21. 
— (?) — . Id, 1854. Morria*a Cat Brit. Foaa., 2nd edit., p. 39. 

Characters. — Shell complanate, discoidal. Earlier chambers arranged spirally, as in 
the type, later chambers cyclical. Chambers subdivided into chamberlets. 
Diameter, Jth inch. 

Although in localities where Orbiculina are plentiful, specimens of a large size are 
often found retaining the spiral arrangement throughout their whole series of chambers, 
we more frequently find that those which attain the finest proportions have assumed an 
outspread discoidal form, in place of the ear-like or reniform shape, owing to the 
alteration in .the plan of development before alluded to. When this change commences, 
as is often the case after a very few chambers have been formed, a thickening of the 
umbilicus is almost the only external character which will enable us to separate the speci- 
mens from those of the closely allied genus Orbitolites, and even this feature may be 
wanting. Microscopical examination of the central or umbilical portion of the disk 
usually yields a ready means of determining the aflBnities of doubtful specimens in the 
arrangement of the early chambers. Orbiculina has invariably a nucleus of spirally 
arranged segments, however large and outspread the finely grown specimen may be ; 
whilst Orbitolites, commencing growth with one or two large chambers, is built up entirely 
of concentric bands, in even the smallest and most obscure examples. 

Specimens of 0. compressa were not rare in the Crag at Sutton some years ago, 
when worked at by Mr. Wood. The figured specimen is of large size, but somewhat 
worn and broken. 

Mr. Wood, in his " Catalogue of the Zoophytes from the Crag," ' Mag. Nat. Hist.,' 
1844, vol. xiii, p. 21, describes, under the name of Orbitolites coscinodiscus, some 
specimens of this Foraminifer obtained at Ramsholt and Sutton. It is there stated that 
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the cells differ in form and arrangement from those of Orbitolitea camplanata ; but the 
general form of the shell su^ested Orbitolitea for its genus. Ordiculina cofnpressa is 
indeed an isomorph of the well-known 0. co7nplanata (more properly 0. orbiculus) ; and 
in some instances they are with difficulty separated. 

In distribution this variety is associated with the typical species ; wherever the latter 
occurs abundantly we see the tendency in the bolder specimens to take the characters 
assigned to 0. compressa. 

In the spiral form of Orbicidina we recognise the type of a series of large-sized discoid 
Foraminifera common in tropical seas. The great diveipity in appearance presented by 
different mature specimens, and the alterations which tak^ place from time to time in the 
mode of growth of the shell, caused considerable confusion amongst the earlier writers, 
and were the cause of much unnecessary division into " species/* D'Orbigny, in his 
' Tableau Methodique/ and subsequently in the * Cuba' Monograph, somewhat simplified 
the nomenclature, by uniting the species founded by Lamarck, De Montfort, and others, 
which were, in some cases, nothing else than the young, middle-aged, and adult of 
the same variety; but it was not until Professor Williamson, in 1851, published his 
researches on the minute structure of the shell that the correct relations of the forms was 
understood. No true specific difference exists between the specimens whose entire 
growth is on a flat spiral plan and those which ultimately assume a discoidal form by the 
alteration, after partial development, to a cyclical mode of increase; neither has any 
principle been found to account for this taking place. Another very variable character in 
the species is the condition of the chambers in regard to subdivision. In well-formed 
individuals each chamber is divided into chamberlets by transverse partitions ; but we 
frequently find, especially in small or poor specimens, the chambers simple, and free from 
any partition or constriction. The surface of the shell normally exhibits a certain amount 
of surface-marking in the form of delicate parallel riblets, running in a transverse or 
oblique direction to the chambers, very similar to those of Peneroplis ; but this, again, is by 
no means a constant character. 



• Genus — Orbitolites, Lamarck. 

Nautilus, ForsJcaL 

Orbitolites et Ohbulites (parte), Lamarck. 

DiscoLiTHUs, Fortis, 

DiscoLiTES, Montf(yrt, 

Maboinopora, Quoy and Gaimard. 

Sorites et Amphisorus, Ehrenberg, 

Orbitolites, Def ranee, D'Orbiyny, Carpenter, Parker and Jones, &c. 
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General characters. — Shell a flat, circular disk, composed of one or more layers 
of concentric zones arranged around a central or primordial portion. Each zone or 
chamber subdivided by depressions in the shell wall (marked externally by surface 
furrows) into ovate or rectangular chambers, whose long diameter is in the direction of 
radii. Pseudopodial orifices situated in depressions on the lateral face of the peripheral 
chamber. Texture porcellanous, diaphanous. 

1. Orbitolites orbiculus, ForskdL Plate III, figs. 45-^7. 

Umbilicus marinus, Plancus, 1744. Fab. Columnae Ljnc. Phytobas. Addit. p. 136,' pi. 38, 

fig. p. 
Helicite et Opercule, Guettard, 1770. Mem., vol. iii, p. 434, pi. 13, figs. 30—32. 
Nautilus obbigulus, Forskdl, 1775. Descrip. Anim., p. 125, No. 66. 
Orbitolites complanata, Lamarck, 1801. Syst. Anim. s. Vert., p. 376. 
DiscoLiTHUS X., Fartis, 1802. M^m. Hist. Nat., vol. ii, p. Ill, pi. 3, figs. 4, 5. 
Madreporite, Deluc, 1803. Journ. Pbys., vol. Ivi, p. 349, fig. 9. 
DiscoLiTES coNCBNTEicus, Mont/ort, 1808. Conchyl. System., vol. i, p. 186. 
Obbitolites plana, Brongniart and Cuvier, 1808. Ossem. Foss., vol. ii, part 2, p. 270. 
Orbuutes margin alis, 0. complanata, Lamarck, 1816. Anim. s. Vert., vol. ii, p. 196, 

Nos. 1, 2. 
Obbitolites complanata, Schweigger, 1819. Beobacbt., pi. 6, fig. 60. 
Obbulites planulatus, Blainville, 1825. Diet. Sc. Nat., xxxvi, p. 294; Atlas Zoopb., 

pi. 47, fig. 2 ; Actinologie, p. 441, pi. 72, fig. 2. 

— MABGINALTS, 0. COMPLANATA, Lamouroux, 1821. Qeu. Polyp., pp. 44, 45, 

pi. 73, figs. 13—16. 
Obbitolites complanata, De/rance, 1825. Diet. Sc. Nat., xxxvi, p. 294. 

— — Bronn, 1825. Syst. Urwelt. Pflanz., pi. 6, fig. 18; 1838, Letb. 

Geogn. pi. 35, fig. 22. 
Sobites orbiculus, Ehrenberg, 1838. Berlin Trans. (1839), p. 112, pi. 3, fig. 2. 
Amphisorus Hemprichii, Ehrenberg, 1838. lb., p. 114, pi. 3, fig. 3. 
Obbitolites complanata, 0. elliptica, Michelin, 1840 — 45. Icon. Zoopb., p. 167, pi. 46, 

fig. 4, and p. 277, pi. 61, fig. 1 1 . 

— — Carpenter y 1850. Quart. Joom. Geol. Soc., vol. vi, p. 30, pi. 6, 

fig. 23 ; pi. 7, figs. 24—30. 
Orbiculina (Orbiiolites) complanata, Williamson, 1851. Trans. Micr. Soc., vol. iii, 

p. 115, pi. 17, fig. 8 ; pi. 18, figs. 9—14. 
Obbitolites complanatus, Jones, 1854. Morris's Cat. Brit. Foss., 2nd edit., p. 39. 

— COMPLANATA, Car/)«i^fr, 1856. Phil. Trans., vol. cxlvi, p. 181, pis. 4 — 9; 

lb62, Introd. Foram., p. 105, pi. 9. 

— — Parker Viudi Jones, 1860. Ann. N. H., 3rd ser., vol. v, p. 291, &c. 

Characters, — Shell circular, discoidal, flat, sometimes slightly bi-concave. Chambers 
consisting of narrow concentric bands, subdivided into chamberlets, which alternate, after 
the pattern of the Spiral of Archimedes (Haughton) ; surface marked by furrows, indicating 
the margins of the chamberlets. Shell composed of one (simple type) or several (complex 



24 FORAMINIFERA OF THE CRAG. 

type) layers of chambers. Pseudopodial orifices situated in depressions on the lateral face 
of the external annular chamber. In the simple type, consisting of a single rove of pores, 
there is one pore in each depression ; in the complex type several rows, roughly corre- 
sponding to the number of layers of chambers. Diameter, r^^th inch to 1 inch. 

As the variations from the typical form are so unimportant that subdivision 
is unnecessary, little need be added in respect to the species, not already given in the 
generic distinctions. Ehrenberg rightly referred his " Sorties ** (a simple Orbitolite) to 
the N. orbiculus, of Forskal, whose description of it embraces also " Amphisorm " (com- 
plex in growth). 

We have seen but one or two perfect specimens of OrbitoUtes orbiculus from the 
Crag (Sutton), and these have been imbedded in a hard matrix ; but we have a few fragments 
separated from the rock. Our figure, Plate III, fig. 45, is taken from one of these frag- 
ments ; and figures 46 and 47 illustrate the structure of the complex type, the one being 
a view of a portion of the edge of a specimen, showing the pseudopodial apertures ; the 
other a vertical section, exhibiting the arrangement of the chambers, and their connection 
with each other. 

The distribution ' of OrbitoUtes is almost confined to tropical latitudes, its range 
extending but little into the seas of the temperate zones. On the Australian shores, in the 
Indian Ocean, and in the Caribbean and Red Seas, it is, perhaps, most abundant. It 
exists in the Mediterranean. Fossil specimens are first found in the Maestricht Beds 
(0. macrqpora), and it reaches its maximum abundance in the Calcaire gromer of the 
Paris Basin. It is also found in the Bracklesham beds of Hampshire. 



Alveolina, sp. 

• 

We may notice, in passing, the occurrence of one or two somewhat obscure specimens 
of Alveolina that we found in the Bryozoan Crag of Sudbourne. They have been un- 
fortunately lost. These were so worn and devoid of character as scarcely to admit of 
specific determination ; their presence, however, is of interest in connection with that of 
some other species which may have been derived from earlier Tertiary formations. 
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Family— LITUOLIDA, Carpenter. 
Genu9 — ^Trochammina, Parker and Jones. 

Webbing, B'Orh. (in part). 

RoTALiNA, Williamson (in part). 

Tbochammina, Parker and Jones, Reuse, Carpenter, and Brady. 

AHHODiSGUt), Eeun (f). 

General characters. — Shell free or attached, very variable in form, consisting of one 
or many chambers. Texture arenaceous, the sandy constituents being held together by 
an ochreous cement, and not projecting above the surface, which is smooth. Poly- 
thalamous varieties have no proper septa ; but the division into chambers is effected by 
constriction or infolding of the prihiary shell-vrall. 

The genus Trochammina differs from Lituola and the other arenaceous genera in the 
fisu^ that, although its walls are chiefly built up of sand-grains, the particles are so 
incorporated in the calcareous cement that the surface of the shell is usually quite smooth. 
The solitary specimen, on the strength of which we accept Trochammina {IFebbina) 
irre^arts as a Crag species, is perhaps the most obscure form of the genus, and one 
which may be readily overlooked. It consists of a minute, subconical, tent-like, circular 
disc, growing parasitically on a flat bit of shell, and presenting no character to arrest the 
attention. Indeed, it is only by the knowledge gained in the examination of a large 
number of specimens that we are enabled to recognise its affinities, or even to satisfy our- 
selves of its belonging to the Foraminifera. 

The simplest forms of Trochamynina belong to a species [T. [JFebbtJia] irregularis, 
D'Orb.) of which we have foiu: varieties \ and, since it is useful to have a " subgeneric" 
name distinguishing them from Trochammina proper (as is the case with so many other 
Foraminiferal groups), we have proposed (*Phil. Trans.,' 1865, p. 435) to retain 
D'Orbigny's term " Webbina'' applied by him to one of them, although first used for a 
few^hambered, uniserial, curved form of Nubecularia rugosa ('Foram. Canaries,' p. 126, 
pi. 1, figs. 16—18 ; and * For. Foss. Vien./ p. 74, pi. 21, figs. 11, 12). 

1. Webbina irregularis, D'Orh., is adherent, moniliform, with more or less oval 
chambers, and varies in the relative length of its stoloniferous connecting tubes, in the 
nmnber of its chambers, and in the straightness or curvature of their line of growth. 
Sometimes the stolons bifurcate, giving rise to a branching arrangement of a few cham- 
bers, common in strata of Cretaceous age, the Oxford Clay, &c. (* Quart. Joum. Geol. 
8oc.,' 1860, vol. xvi, p. 304; 'Carpenter's Introd. Foram.,' 1862, p. 141, pi. 11, 
figs. 8, 9). 

2. Webbina irregularis dtemans, P. & J., is adherent, and has the stolons issuing 

4 
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from the chambers alternately from their sides as well as from their fronts, giving the shell 
a loosely Textularian character ; its chambers are usually somewhat pyriform. In deep 
Mediterranean soundings ; and in the Chalkmarl (' Q. J. G. S./ loc. cit. ; Carpenter's 
' Tntrod./ loc. city fig. 10). 

3. Webbinairrefftdaris clavata, P. & J., is also a fixed form, and consists frequently of 
a single pyriform chamber, tubular at one end, and bearing a slightly margined and semioval 
aperture at the other. The tubular portion frequently gives ofi* another tube and chamber, 
thus almost identifying itself with the bifurcating forms of W. irreffularis proper. Common 
at great depths in the Mediterranean and South Atlantic C Q* J- G. S.,' loc. cit. ; Car- 
penter's * Introd.,' /. c.y figs. 6, 7). 

4. TFebbina irregularis hemisphtBrica, nov. The specimen from the Crag described 
further on, barely separable from the last. 

Trochammina (proper) is typified by Tr. squamatUy P. & J., comprising five known 
varieties, which have spiral shells, more or less rotalifortn in their growth. 

1. The simpler of these forms, such as Tr. aquamata fncerta {Operculina incerta, D'Orb., 
'For. Cuba,' p. 49, pi. 6, figs. 16, 17; Spirillina arenacea, Williamson, 'Monog. Brit. For.,* 
p. 93, pi. 7, fig. 203 ; Ammodiscua (?), Reuss, 'Sitz. Akad. Wien.,' 1861, vol. xliv, p. 865), 
consist of a long, spiral, undivided chamber, having the shape of the clear, perforated, 
discoidal Spirillina vivipara, Ehrenb., and of the white opaque Cornuspira /oliacea, Phil. 
Living in the Atlantic ; common at great depths in the Mediterranean. Fossil in the 
Gault, Lower Oolite, &c. (See ' Q.. J. G. S./ /. c. ; and Carpenter's ' Introd.,' /. c, fig. 2). 

2. Tr. aquamata cAaroidea, P. & J., is a similar undivided tubular chamber vertically 
spiral, presenting a resemblance to the fruit of the Chara. Common in deep water; 
Mediterranean, Red Sea, and South Atlantic (' Q. J. G. S.,' /. c. ; and Carpenter's ' Introd.,* 
/. c, fig. 3). 

3. The third variety, Tr. squanmta gordialis, P. and J. (' Q. J. G. S.,* /. c. ; Car- 
penter's 'Introd. For.,' /. c, fig. 4; Parker and Jones, 'Phil. Trans.,' vol. civ, p. 408, 
pi. 15, fig. 33), has more than one chamber, the shell in the early stage being formed of a 
few spirally arranged, but variable chambers ; and at a later period they are moulded on 
an undivided vermiform sarcode, sometimes slightly constricted at intervals, and either 
discoidal or irregularly elevated ; often passing at nearly right angles over the primary disc, 
or forming sudden loops and twistin^s^ It lives in the Red, Indian, and Arctic Seas. 
The '^ V^nm^xn' Serpulapmilla oi^c\Ao\hQim (Spirillina pusilla, Jones ; Miliola {?) piiailla, 
Kirby), and some forms of the Cretaceous (?) Trochammina proteus of Karrer, belong to 
the same. Indeed, the excellent figures of T. proteua, in Dr. Karrer's paper on the Old 
Vienna Sandstone, 'Sitz. Akad. Wien. Math.-Nat. CI.,' vol. lii, 1 Abth., 1865, pi. 1, 
figs. 1 — 8, comprise modifications of Tr. gordialia (figs. 1, 2, 3, 8), charoidea (fig. 4), 
squamata (fig. G), and irregular squamata, or passage from lobulate gordialia to aquamatu 
(fig. 5). We may also remark that fig. 10 (named Cornuspira lloerneai) is probably 
Trochammina incerta. 
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4. lir. aquamata (proper), P. and J., has the shell divided throughout into lunate and 
flattened chambers, several in a whorl, and regularly increasing with the progress of 
growth. It much resembles those flatter varieties of Disoorbina turbo which are interme- 
diate to D, ylobidaris and D. rosacea^ and it may easily be confounded with little, conical, 
scale-like varieties of Vcdvidina triangidaris^ but the latter never have more than three 
chambers in a whorl, and are more coarsely sandy. Tr. squamata lives both in the Arctic 
Ocean and the Mediterranean at considerable depths (* Quart. Journ. Geol. Soc.,* vol. xvi, 
p. 805 ; Carpenter's ' Introd.,' /. c, fig. 1 ; Parker and Jones, ' Phil. Trans.,' vol. civ, 
p. 407, pi. 15, figs. 30, 31. It is well figured by Karrer (see above) from a fossil 
specimen). 

5. T, squamata inflataf Montagu, sp., rotaliform, consisting of several (20) ventricose 
chambers, increasing rapidly in size, few (5) showing beneath. (See Williamson's 'Mono- 
graph Rec. Brit. For.,' 1857, p. 50, pi. 4, figs. 93, 94 ; ' Ann. N. H.,' 3rd ser., vol. iv, 
p. 847; and Carpenter's 'Introd. Foram./ p. 141, pi. 11, fig. 5.) Common in the 
brackish estuarine pools on our north-east shore (see Brady, * Nat. His. Trans. 
Northumberland and Durham,' vol. i, p. 95) ; and found very rarely in deeper water on 
the British Coast; also living on the shores of the Mediterranean, and in the depths 
of the Arctic and South Atlantic Oceans. It also occurs in a sub-fossil condition in the 
clay underlying the peat of the Lincolnshire and Cambridgeshire fens. 



8ubgenm — ^Webbina, IfOrbigny. 

General characters. — Shell adherent, comprising one or more pyriform, oval, or round 
chambers, subarenaceous, smooth, dirty white, or of a deep rusty colour ; and, when 
numerous, arranged in a single, irregular, moniliform Une, often branched. 



1. Webbina HEMispHiERiCA, nov. Plate IV, fig. 5. 

Characters. — Small, circular, subconical, monothalamous, like a low bell-tent, parasitic; 
recognisable only by its smooth but sandy shell, and general resemblance to the common 
forms of Webbina irregularis. 

Diameter, ^ inch. 

One specimen only of this little parasitical Trochammina ( Webbina) irregularis, var. 
^isph4Brica, occurs among the Foraminifera from Sutton. 
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Family— LAGENID A. 

GenH9 — ^Lagena, Walter and Jacoi} 

Sekpula (LagsnaX Walker and Jaco^. 

Vebhiculdh, Montagu^ 

Serpula, Maton and Raeketi, Pennant, Turton, 

Lagenula, Be Montforty Fleming^ Macgillivray, Thorpe. 

OoLiKA, jyOrbigny, Reuse, Bronn, Egger^ Terfuem, Bomemamn, Coeta^ 

MiLioLA, Cenchbidjuh, Ehrenbevg, 

Entosolenia^ Ehrenherg, Williamson, 

OvuLiNA, Ehrenberg, Bomemann, Seguenj^a, 

ApiOPTEBiNA (parte), Zborezewshi, 

La GEN A, Williamson^ Morris, Farker and Jones, Carpenter, Reuss, Brady. 

FissUBiNA, Reuss, Bronn, Egger, Seguenea, 

Amphobina, lyOrbigng, Costa, Seguenza, 

AMifGDALiNA, Phiauna, Costa, Seguenzo, 

Tetbaqonulina* Tbxgonulina, OBLiquiNA, Segu^nsa, 

General characters.— ^\k^ one-chamhered, free, oval, oblong, or fusiform, and subject 

1 We append to the generic name Lagena, and to a number of the specific forms, the initials W. & J. 
{Walker and Jacob), believing this to be the nearest approach to correctness we can make, though some 
authors have, with almost equal reason, assigned the same species to the authority of Walker and Boys,^ and 
others to Walker. The * Testacea Minuta Kariora ' is stated on its title-page to relate to " minute and 
rare shells lately discovered in the sand of the sea-shore, near Sandwich, by William Boys, F.S.A., con- 
siderably augmented, and all their figures drawn by George Walker,'* the latter of whom is spoken of in the 
same page as the author ; and his name also appears alone in the dedication. Prof. Williamson, in 
his 'Monograph,' has given his reasons why the species may be regarded as Walker's; and in the 
* Annals Nat. Hist.' for November, 1859, Mr. Jacob* b title to their authorship is shown. 

We have, however, in our possession a copy of the work, which has evidently been the property of a 
naturalist, having the following note written on the fly-leaf, in ink apparently nearly as old as the book 
itself — ** the scientific descriptions in this work were written by Dr. Solander." 

The figures from the 'Testacea Minuta' were reprinted and further augmented in Kanroachera 
edition of Adams's 'Essays on the Microscope' (1789), and the original work is therein stated to have 
been written by Mr. Walker and Mr. Boys, assisted by Edward Jacob, Esq., F.S.A. 

We know that Dr. Solander wrote the scientific descriptions of Ellis's work on the 'Zoophytes,' 
and, singularly enough, Mr. Ellis's name appears in connection with some allied microscopical organisms 
on the following page in the ' Essays,' a fact which suggests associations increasing the probabihty of the 
manuscript note alluded to. 

If Mr. Boys collected, Mr. Walker augmented and figured, Mr. Jacob assisted. Dr. Solander described, 
and Mr. Kanmacher further elaborated, added to, and republished, it is not easy to decide whose initials 
should be appended to such of their specific names as take precedence ; at least, we see no reason to change 
the practice we have hitherto adopted in assigning them to " W.nlker and Jacob." 
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to a very variable amount of lateral compression, either on two, three, or four sides. Aperture 
usually single; in the exceptional distomatous forms the two orifices are at opposite 
ends of the shell. Shell-wall perforated by numerous very minute foramina.^ Texture, 
hyaline. 

For our views of the relationship of Lagena, in its manifold variations, see the 'Philos. 
Transact.,' 1865, vol. civ, p. 345, &c. The accompanying table of the distribution of 
fossil LagencB will be of interest to geologists, who can also refer to a general list of fossil 
and recent Lagena, by Prof. Beuss, in the *Sitzungsb. Akad. Wiss. Wien.,' 1862, vol. 
xlvi, p. 317. 

In our table we have arranged the Lagena according to our scheme of the prominent 
forms, as indicated in * Phil. Trans.,' loc. cit., p. 348, introducing some that do not occur 
fossil, to make the series complete; and we have introduced into the table materials from 
the works of Reuss, Seguenza, and others, having made their nomenclature conformable 
with ours. 

^ The keel of the compreBsed Lagena^ and the marginal ribs of the angular varieties, are formed of 
''the supplementary skeleton," or secondary shell, containing what has been termed '* the canal-system." 
Occasionally, as in Lagena eubi/ero-tquamosa, P. & J. (' Phil. Trans-,' 1865, p. 420), the whole surface is 
coated vith this extra sheU-growth. The circular cavities, or " lacunae," in the keel of L. omata, shown 
in Williamson's ' Monograph,* pi. 1, fig. 24, are really continuous with the minute pseudopodial perfo- 
rations of the sheU-wall, usually by delicate bundles of tubuli ; and they communicate with the exterior by 
a coarse pseudopodial tube. 
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TABLE SHOWING THE DISTEIBUTION OF THE CHIEF 
r/. Very large. /. Large. m. Middle-sized. «. Small. VR. Very rare. R. Rare. 



I. 
2. 
3, 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
M. 
12. 
13, 
14. 
15. 
16. 
17, 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 



Qehus, Species, and Yabietiks. 
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Lagena globosa, Montagu . . , . „ „..».... 

— \stv\Sf Mont tiff u , „.„,.,..,.,, 

— creimtft, Parker nnd Jone^ .„.. 

— clavflta, i>'0rfiii7ny 

scmislrialR, WtUttimson , 

— alriata, lyOrb 

— sulcata, Walker and Jacob 

— atriato-puDCtntft, P. ^ /. 

' — letragona, P. ^ J. 

~ acuticostn, Reu&s , 

— melo^ lyOrh , 

hexagon ft, Willimmoti (faTosa, Reu^s) 

— ' squamoBfti Montngu , 

— iqimmoso-lubifera, F. ^ J. 

— hispida, Urw**,. 

— aapera, litftt*j , 

— iskKT^u2Xhy Montagu 

— oriaftta, JFiliiamson 

— radinto-marginata, P. ^ J. 

— ^qiiamOBO-marginata, P. ^^ J , 

— trigotiQ-margi nata, P. ^ J. „ - „ . 

— apiciiVataj^ ReiMS 

' — gracillima, Seguenzt^ _.,, 

— caudata, D'Or^ 

distoma, P. ^ J. .... ..,.. 

— diatom o-acukatft, P. ^' /. ... 

— distocno-margariufenij P. 4^ •^^ .- 
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* Found also in the Gault. — Reuss. 

2 We must also refer to Prof. Seguenza's * Descrizione dei Foraminiferi Monotalamici/ &c., for some 
prima, and his Trigonulinoe, all from the Miocene marls of Messina. Lagena trigono-marginata, P. & J., 
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FOEMS OP LAGENA IN FOSSIL DEPOSITS. 



RR. Bather rare. RC. Rather common. C. Common. YC. Very common. 
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Other well-marked modifications of Lagena ; sach aa his Fiswrina dentata, F. spiniffera, Tetragonulina 
it the same aa Trxgonulina globosa, Seg. 
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1. Laoena GL0B08A, Montoffu, PI. I, fig. 82. 

Serpula (Lagena) laeTis globoaa, Walkernxii Jacobs 1784. Test. Min., p. 3» pi. 1, fig. 8, 

Yebmiculum olobosuh, Montagu^ 1803. Test. Brit, p. 523. 

Sebpula 0L0B08A, MatoH and Raekeii, 1807. Trans. Linn. Soc., vol. riii, p. 247. 

— — Turton, 1819. Conch. Diet., p. 157. 

— — Fleminff, IS2S. Brit. Anim., p. 235. 

Oolina ixobnata, D'Orb., 1839. Amer. M^rid., p. 21, pL 5, fig. 13. 
Entobolenia oloboba, WilliamMon^ 1848. Ann. Nat. Hist., 2nd ser., ?ol. i, p. 16, pi. 2^ 
figs. 13, 14. 
— linbata. Id. lb., p. 18, pi. 2, fig. 18. 

Oolina simplex, Reua^^ 1851. Raiding. Naturw. Abhand., ?ol. !▼, p. 22, pi. 1, fig. 2. 
Oencheidium oliva, Ehrenberff, 1854. Mikrogeologie, part 2, p. 22, pi. 24, figs. 3, 4. 
MiLiOLA sph^boidra, Id. lb., pi. 23, fig. 1. 

— o?UM, Id. lb., pi. 23, fig. 2 ; pi. 27, fig. 1 ; pi. 29, fig. 45. 
FissiJBiNA OBTUSA, Effffer, 1857. For. Mice. Nied.-Baj., p. 8, pi. 1, figs. 16 — 19- 
Entosolenia oloboba, Parker and Jones, 1857. lb., Tol. xiz, pi. 11, figs. 25 — 29. 

_ — (typica). Will., 1858. Eec. For. Br., p. 8, pi. 1, figs. 15, 16. 

Lageka (Ektosolenia) globosa, p. and /., 1859. Ann. N. Hist., 3rd ser., toI. iy, 

p. 341, &c. 
FissUBiNA BOLiDA, Seffuetiza, 1862. Foram. Monotal. Mioc. Messin., p. 56, pi. 1, fig. 42. 

— BUOOSULA, fd. lb., pi. 1, fig. 43. 

Lagena globosa. Reuse, 1863. Sitz. Akad. Wiss. Wien., vol. xIti, p. 318, pi. 1, 
figs. 1—3. 

— INORNATA, Id. lb., p. 32, pi. 1, fig. J 2. 

— GLOBOSA, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 472. 

— SULCATA, var. (Entosolenia) globosa, p. and J., 1865. Phil. Trans., vol. civ , 

p. 348, pi. 13, fig 37; pi. 16, fig. 10. 

Characters. — Shell ovato-globose, sometimes projecting slightly at the apex ; smooth, 
and without surface-marking. Tube Entosolenian. Walls, thin and hyaline. Length risth 
inch or less to g^gth inch. 

This is the simplest and, perhaps, the smallest of the Entosolenian Loffena, and 
holds an intermediate position between the smooth flask-shaped K lavis and the swollen 
varieties of Z. marginata. It was first figured and described by Walker and Boys, but 
not named by Walker and Jacob in Kanmacher's edition of Adams's ' Essays on the 
Microscope,' where the specific names given by Walker and Jacob are recorded. It was 
named by Montagu, * Test. Brit.,' p. 523. 

Lagena globosa is one of the commonest varieties of the genus. On all parts of the 
British coast it may be met with in dredged and littoral sands. At the Hunde Islands 
it has been found in material dredged at from thirty to seventy fathoms. In Baffin's 
Bay, lat. 75° 10' N., long. 60° 12' W., it seems to be rare, but is of large size — a curious 
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fact, corresponding to the occurrence of equally large individuals of this variety at very 
great depths (1080 fathoms) in the tropical Atlantic (lat. 2*" 20' N., long. 28^ 44' W.). 

Professor Reuss has it fossil from the Chalk of Maestricht and of Lemberg, from the 
Oligocene Septarium-clay of Pietzpuhl, the Salt-clay of Wieliczka, and the Cra^ of 
Antwerp (' Monogr. Lagen./ p. 318) ; and in other Tertiary deposits it is not uncommon. 

The Crag specimens are generally above the average size ; and the number of examples 
in the Cardita senilis bed and the bed with Cyprina Islandica is considerable. 



2. Lagkna lavis, Montagu. Plate I, fig. 28. 

Serpula (Lagena) Isevis ovalis, Walker and Jacob, 1/84. Test. Minat., p. 3, pi. I, 

Vebmiculum l^vb, Montagu, 1803. Test. Brit., p. 524. 

SsRPULA LiEVis, Moton and Rackett, 1807. Trans. Linn. Sue, vol. viii, p. 247. 

— — Turton, 1819. Conch. Diet., p. 157. 
Lagenula — FUminp, IS2S, Brit. Anim., p. 235. 

— — Macgillivray, \8i3. Moll. Anim. A berd., p. 38. 

— — Thorpe, 1844. Brit. Mar. Conch., p. 234. 

Lagkna — Williamson, 1848. Ann. Nat. Hist., 2nd ser., vol. i, p. 12, pL 1, figs. 1, 2. 
Cbnchridium dactylum, Ehrenb., 1854. Mikrogeologie, part 2, p. 22, pi. 24, 

figs. 1, 2. 
MiLiOLA LiEVis, Id. lb., p. 23, pi. 32, fig. 2 a (not pi. 26, fig. 2). 

OVULINA CLAVA, fd. lb., fig. 2 b, 

Phialina 0VIF0RMI8, Cosia, 1854 — 1856. Paleont. Napoli, pi. 11, fig. 9. 
Amygdalika calabba, Id. lb., p. 124, figs. 6, 8. 

Lagena LiEVis, Parker and Jones, 1857. Ann. Nat. Hist., 2nd per., vol. xix, p. 279, 
pi. 11, figs. 22—24. 

— VULGARIS, Will., 1858. Rec. For. Br., p. 4, pi. 1, figs. 5, 5 a. 
MiLioLA STYLIGEBA, Ehrenb., 1858. Mikrogeologie, part 2, p. 23, pi. 31, fig. 6. 
Lagkna siphonifeba, Reuss, 1858. Zeitschr. Deutsch. Geol. Ges., yoL x, p. 433. 

— SULCATA, var. L^vis, P. and J., 1859. Ann. N. Hist., 3rd ser., vol. iv, p. 34 1, &c. 

— VULGARIS Reuss, 1862. Sitz. Akad. Wiss., vol. xlvi, p. 321, pL 1, fig. 15; 

pL2,figs. 16,17. 
Phialika propinqua, Seguenza, 1962. For. Mon. Mioc. Messin., p. 43, pi. X,^^. 13. 

— OVATA, Id, lb., p. 44, pi. 1, fig. 14. 

— LONGIROSTRIS, Id. lb., p. 44, pi. 1, fig. 15. 

— APFiNis, Id. lb., p. 44, pi. 1, fig. 16. 

— CLAVATA, Id. lb., p. 45, pi. 1, fig. 17. 
Lagena l^evis, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 472. 

— SULCATA, var. LiEvis, P. and J., 1865. Phil. Trans., vol. civ, p. 349, pi. 13, 

fig. 22 ; and pi. xvi, fig. 9 a. 

Characters. — Shell flask-shaped, with elongated neck ; smooth and destitute of orna- 
luent. Neck frequently thickened at the mouth, so as to form a sort of lip. Colour 
white ; very transparent. Length ^th to ^th. 

5 
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The distribution of the common, smooth, flask-shaped Lagenm is world-wide ; they are 
often found at considerable depths, but shallow water appears to be their fiBtvorite 
habitat. In the fossil state this smooth variety is very abundant in the Post-pliocene 
clays of Lincolnshire and Cambridgeshire, and in the Grignon beds (Eocene) ; it occurs 
also in the Vienna Tertiaries, and in the Crag of Antwerp and the Septarium-clay of 
Pietzpuhl (Reuss) ; in the Tertiary beds of Taranto (Costa), and in the Miocene clay of 
Messina (Seguenza). 

The Crag specimens in Mr. Wood's Sutton collection are few in number, and small. 



3. Lagena semistriata, Williamson, Plate IV, fig. 6. 

OoLiKA 8TEIATIC0LLIS, B*Orh,, 1839. FoF. Am^r. M^rid., p. 21, pi. 5, fig. 14. 
Lagena striata, Tar. j3, semistriata, JFUliatMon, 1848. Ann. Mag. Nat. Hist., 2nd 

ser., vol. i, p. 14, pi. 1, figs. 9, 10. 
OvuLiKA LACBYMA, 0. TENUIS, Bomemonn, 1855. Zeitoch. Deutsch. Geol. 6e»., voL 

vii, p. 307, pi. 12, figs. 2, 3, 3*. 
OoLiNA PUNCTATA, 0. 8TBIATULA, Effffer, 1857. Foram. Mioc. Nied.-Bay., p. 6, pi. 1, 

figs. 1—8. 
Laoena vulgaeis, var. semistriata, Wtlliamson, 1858. Rec. For. Br., p. 6, pi. 1, fig. 9. 

— — var. FERLUGIDA, Id,, 1858. lb., p. 5, pi. 1, figs. 7,8. 

— — var. SEMISTRIATA, Reu88, 1862. Sitz. Akad., vol. xlvi, p. 322, 

pi. 2, figs. 18—21. 

— TENUIS (parte). Id. lb., p. 325, pi. 3, figs. 34—39. 

— STRIATA (parte). Id, lb., p. 327, pi. 3, fig. 45. 
Phialina longissima, Seguenza, 1862. For. Mon. Mioc. Messin., p. 45, pi. 1, fig. 18. 

— SEMICOSTATA, Id, lb., fig^ 19. 

Lagena sulcata, var. semistriata, Parker and Jones, 1862. In Append. Carpenter's 

Introd., p. 309. 

— semistriata, Brady, 1864. Trans. Lin. Soc, vol.xxiv, p. 472. 

— SULCATA, var. semistriata, P, and /., 1865. Phil. Trans., vol. civ, p. 350, 

pi. 13, fig. 23. 

Characters, — Shell flask-shaped, usually having the neck longer in proportion to the 
body than in the other varieties, having striae and riblets extending from the base of the 
shell upwards for a short distance on the sides. Colour white; very transparent. 
Length ^^th to T^th inch. 

This is not an uncommon subvarietal form where Lagen(B prevail ; but there is too 
little that is distinctive in its differentiation from elongated specimens of the typical 
L, sulcata to lay down any very definite scheme of its distribution. As Professor Wil- 
liamson remarks, the costae may terminate either in the lower, middle, or upper third of 
the shell ; and though in the first or even the second case it would be easily recognised, 
it is obvious that in many individuals with longer ribs other characters, such as the length 



LAGENroA. 35 

of neck and general contour of the shell, would have to be chiefly considered ; and these, 
as we well know, are extremely variable. D'Orbigny's figure of L. atriatocoUia represents 
a poorly defined specimen of this subtype. 

It is very common to meet with LageruB, both recent and fossil, taking on striae and 
riblets to greater or less extent, as in this instance. Reuss figures finely striated spe- 
cimens from the Crag of Antwerp in his paper on the Loffenida, 'Sitzungsb. Wien. 
Akad.,' vol. xlvi, pi. 2, figs. 18 — 21. Dr. Wallich, in his memoir on the North-Atlantic 
sea-bed, figures L, semistriata (pi. 5, fig. 17) ; and D'Orbigny's Oolina striaticoUis 
(Falkland Isles) belongs to the same variety. It is a common form on our British coast. 
Egger's Oolina striatula offers an interesting passage-form (especially his fig. 6) between 
L. semistriata and L. crenata, P. and J. 

Only a single broken specimen has occurred to us in our examination of the Crag 
deposits, and this is from Sutton. 



4. Lagena striata, IfOrbigny (not of Montagu and Williamson). Plate I, figs. 
38—40. 

OoLiKA STRIATA, B'Orh,, 1839. Foram. Am€r. M^rid., p. 21, pi. 5, fig. 12. 

— Haidingebi, Czjzeky 1847. Haiding. Nat. Abhandl., vol. ii, p. 138, pi. 12, 

figs. 1, 2. 
Lagena substriata, Williamson^ 1848. Ann. N. H., 2nd ser., vol. i, p. 15, pi. 2, fig. 12. 
OvuLiNA sicuLA, Ehrenh., 1854. Mikrogeologie, part 2, p. 23, pi. 26, fig. 1. 
Lagena volgaris, var. gracilis, Will., 1858. Rec. For. Brit., p. 7, pi. 1, figs. 12, 13. 

— — var. SUB8TRIATA, Id, lb., p. 7, pi. 1, ^Z' 14. 

— GRACiLicosTA, Bcuss, 1858. Zeitsch. Deut. Geol. Ges., vol. x, p. 434 ; 1862, 

Sitz. Akad. Wien., vol. xlvi, p. 327, pi. 3, figs. 42, 43. 

— STRIATA (parte). Id,, 1862. Sitz. Akad., vol. xlvi, p. 327, pi. 3, fig. 44 ; 

pi. 4, figs. 46, 47. 
OvuLiNA STRIATA, Seguenza, 1862. Foram. Monot. Messina, p. 40, pi. 1, figs. 6, 7. 
Phialina Haidingeri, Id, lb., p. 46, pi. 1, fig. 20. 

— TENUI8TRIATA, Ph. Gemellarii, Ph. cylindbacea, Id. lb., figs. 21, 23, 24. 
Lagena — Siache, 1865. No?ara-Exped., Geol. Theil., vol. i, part 2, 

p. 184, pi. 22, fig. 4 (Uke our fig. 40, PI. I). 

Characters. — ^Flask-shaped Lagena of variable dimensions, ornamented with deUcate 
longitudinal and sometimes spiral striae and riblets, come under the denomination of 
L striata. (See the scheme of Lagena, *Phil. Trans./ 1865, vol. civ, p. 884.) Out of 
this, however, as also out of the other groups, we separate the caudate or apiculate forms, 
leading towards the double-mouthed or distomatous, perforate, cylindrical Lagena, with 
which they make another artificial division. 

L. striata accompanies the more common and strongly grown Lagena all over the 
world, and have existed with them in Tertiary times. We have a few specimens horn the 
Crag of Sutton and of Sudboume. 
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5. Laoena sulcata, Walker and Jacob. Plate I, figs. 41 — 43. 

Serpula (Lagena) striata sulcata rotundata. Walker and Jacob, 1/84. Teat. Min., p. 2, 

pi. 1, fig. 6. 
Serpula (Laoena) sulcata. It/., 1798. In Adams's Essays Microsc. (Kanmacher), 

p. 634, pi. 14, fig. 5. 
Seepula lagema, Turton, 1802. Syst. Nat, toI. iv, p. 609. 
Veumigulum strlatum, Montagu, 1803. Test. Brit., part ii, p. 523. 
— perlucidum, Id. lb., p. 525, pi. 14, fig. 3. 

Laqenula striata, L. peklucida, Fleming, 1828. Brit. Anim., pp. 234, 235. 
OoLiNA ViLLARDEBOANA, D'Orb., 1839. ' For. Amer. M^rid., p. 5, pi. 5, figs. 4, 5. 

— Isabella, Id. lb., p. 20, pi. 5, figs. 7, 8. 

— raricosta, Id. lb., p. 20, pi. 5, figs. 10, 11. 

Laoena striata, TFt/ZtaiiMon, 1848. Ann. N. Hist., 2nd ser.,Yol. i, p. 13, pi. 1, figs. 6 and 8. 

— — var. a, interrupta, Id. lb., &g. 7. 

— — var. y, PEKLUCIDA, Id. lb., fig. 11. 

MiLiOLA STRIATA, Ehrenb., 1854. Mikrogeol., part 2, p. 22, pi. 24, fig. 5 ; pi. 32, fig. 1 . 
OvuLiNA ELEOANTissiHA, Bomemann, 1855. Zeits. Deut. Qeol. Gea., vol. yii, p. 315, 

pi. 12, fig. 1. 
Entosolenia GLonosA, var. striata, Parker and Jones, 1857. Ann. Nat. Hist, 2nd 

ser., vol. xix, p. 278, pi. 11, fig. 27. 
Laoena vulgaris, var. perlucida, Williamson, 1858. Rec. For. Brit, p. 5, pi. 1, ^g. 8. 

— — var. STRIATA, Id. Ib.,p. 6, pi. 1, fig. 10. 

— — var. interrupta, Id. lb., p. 7, pL 1, fig. 11. 
Entosolenia costata. Id. lb., p. 9, pi. 1, fig. 18. 
Laoena sulcata, Parker and Jones, 1859. Ann. N. H., 3rd ser., vol. iv, p. 341, &c. 
OvuLiNA sulcata, Seguenza, 1862. Foram. Mon. Mioc. Messina, p. 4 1, pi. 1, figs. 8 — 10. 
PniALlNA LAOENA, Id. lb., p. 46, pi. 1, fig. 22. 

— exigua, p. incerta, p. COSTATA, P. CosTiE, P. Reussiana, Id. lb., p. 47, 

48, pi. 1, figs. 25—29. 
Obliquina acuticosta. Id. lb., p. 75, pi. 2, figs. 65 — 67. 

Laoena pilicosta, Reuss, 1863. Sitz. Akad. Wien., vol. xlvi, p. 328, figs. 50, 51. 

— ViLLARDEBOANA, L. COSTATA, L. ISABELLA, L. AMPUOHA, Id. lb., p. 329, 330, 

pi. 4, dgH. 53—57. 

— SULCATA, Brady, 1864. Trans. Linn. Sec., vol. xxiv, p. 472. 

— — P. and J, 1865. Phil. Trans., vol. civ, p. 351, pi. 13, figs. 24, 

28—32 ; and pi. 16, figs. 6, 7, 7 a. 

Characters. — Shell subspherical, oval, or flask-shaped, having a surface-ornamentation 
of parallel costae, more or less strongly marked, generally extending from one end of the 
shell to the other. Colour white to brownish. Length, 5'^th to ;j',th inch. 

We regard this as the typical form of La(/ena, for its variations lead, in one direction, 
into feebler forms, such as L. semistriafa, Icevis, and globosa ; and on the other hand we 
have varieties with reticulated, hispid, and granular ornament ; we have also compressed 
forms and elonijate varieties, departing more or less widely from the middle type pre- 
sented by the ovate and characteristically costate LagencB. 
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The chief variations from this central type depend upon alterations in the nature of 
surface-ornamentation, or the shape, length, and direction of the neck. We are fully 
convinced that there is no true specific division determinable from these characters, either 
among the costate group above indicated, or even in the much wider range of LagentB 
in general. The division of the genus into Ectosolenian {Lagena) and Entosolenian 
{Entasolnia) groups, adopted by Professor Williamson, in his Memoir on the LagentB^ 
and in his Monograph, whilst it might afford us some general assistance in classifying a 
bulky list of varieties, seems only to lead into greater difficulties, for we find that the 
principal forms may be traced in series from the pear-shaped body, with the long, thick- 
lipped neck, through every gradation of shortening, and eventually of intussusception. 
But if the distinctions founded on contour be thus open to objection, still less dependence 
is to be placed on the shape of the aperture, for systematic purposes. There can be little 
doubt that the typical form of the aperture, if we may judge from the finest and most 
fully developed specimens, is very similar to that of the Polymorphina and Nodosarincp, a 
dreular orifice surrounded by radiating lines. The radiation is only to be observed in 
exceptional specimens ; but the majority of the Lagena preserve the circular form of 
orifice. In the feebler varieties, especially those which have no neck, there is a tendency 
towards an oval form of orifice, and in the flattened specimens grouped as L. marginata 
the typical round mouth is represented by a mere slit. Professor Reuss has divided his 
family 'Z^ewiflfe into two genera, Lagena and Fiasurina^ on these peculiarities. It has 
been reserved for Professor Seguenza to carry subdivision to an extreme. He recognises 
no less than eight "genera" oi Lagenida, namely, Ovulina (shell oval, aperture circular), 
Phialina (shell oval, aperture at the top of an elongated tube), Amphorina (shell fusiform, 
aperture circular), Tetragonvlina (shell square and tubulated, aperture circular), Fissurina 
(shell compressed and equilateral, aperture in the form of a slit), Amygdalina (shell com- 
pressed and inequilateral, aperture slit-like), Trigonvlina (shell triangular, aperture slit- 
like), and, lastly, Obliquina (sheU twisted, aperture circular). 

We need not say that with such a generic subdivision we have no agreement ; and 
Btill less, if it were possible, with his list of new species — ^an example of hair-splitting to 
which we know of no parallel in systematic zoology. Of the 102 "new species" of Lagena 
described in his memoir, there may, perhaps, be four or five undescribed forms worthy of 
subvarietal names; the rest are ordinary specimens of well-known forms, long since 
described. If the system pursued by the Italian professor were to be followed, it would 
soon become necessary to describe and name every individual specimen. 

As we have before stated, the situation of the general aperture in relation to the body 
of the shell is exceedingly open to variation, even in groups of specimens identical in their 
other characters. We find in rare examples, under similar limitations, another complicity 
in the classification, arising from the occurrence of an orifice at each end of the shell. This 
pecuUar development may be traced through the " caudate'^ varieties of the various forms ; 
and, as all the feeble Lagents, especially clear-shelled and slightly striated individuals, have 
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their mucronate or caudate representatives, so many of them are produced still farther, 
and have shells of fiisiform contour, with both ends open for the passage of the larger psendo- 
podia. Specimens of this sort have been repeatedly figured, but their structural peculiarity 
appears entirely to have escaped the notice of Ck)ntinental rhizopodists. Seguensa's 
genus Amphorina seems, judging by his figures, to consist of subvarieties of Lagena 
sulcata caudata and Z. sulcata disUma; and an analysis of them will be found at p. 45, 
with the remarks on a distomatous form we have from the Sutton Crag. 

The typical Lagena sulcata has a worldrwide distribution, accommodating itself to 
almost all climates and depths. The finest specimens are found at a depth of from 60 to 
100 fathoms, but it is plentiful in the shallowest water, and has been found in soimdings 
as deep as 2350 fathoms in the Atlantic. 

Its distribution in time appears to have commenced with the Upper Chalk of Maes- 
tricht. It is found in many of the European Tertiaries. 

In the Crag, Z. sulcata is a common fossil. The specimens from Sutton are fine and 
well marked ; those from the Cyprina-bed are lai^, but in the bed with Cardita and in 
the Upper Crag at Thorpe the examples are smaller. 



6. Lagena Melo, UOrhigny. Plate I, fig. 35. 

OoLiNA MsLO, B'Orh., 1847. Foram. Am^r. M^rid., p. 20, pi. 5, fig. 9. 

Entosolenia squamosa, var. o, catsnulata, Williamson, 1848, Ann. Nat Hitt, 2ud 

■er., vol. i, p. 19. pi. 2, fig. 20; 1858, 
Rec. For. Br., p. 13, pi. 1, fig. 31. 

— — var. /J, 8CALARIFOEMI8, Id. A. N. H., 2nd aer., 

vol. i, p. 19, pi. 2, figs. 21, 22. 

— 6L0B0SA, var. CATENULATA, Parker and Jones, 1857. lb., 2nd icr., 

vol. xix, p. 278, pi. 11, ^z. 26. 
OvuLiNA KETicULATA, Seguenza, 1862. Foram. Monotal. Miocen. Meaain., p. 42, 

pl. l,fig. 11. 
Laoena Melo, p. and J., 1862. Append. Carpenter'a Introd., p. 309. 

— rovEOLATA, Reuss, 1862. Sitz. Akad. Wien., vol. xlvi, p. 332, pl. 5, fig. ^b, 

— scALAEiFOEMis (parte). Id. lb., pl. 5, ^^. 71. 

— CATENULATA, Id. lb., pl. 6, figa. 75, 7^* 

— Melo, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 472; 1865, Nat. Hiat. 

Trans., North, and Durham, vol. i, p. 97. 

— SULCATA, var. (Entosolenia) Melo, P. and /., 1865. Phil. Trans., vol. civ, 

p. 354, pi. 13, figs. 33—36. 

Characters. — Shell ovato-globose or pear-shaped, usually Entosolenian. Surface 
covered by reticulated ornament of longitudinal and transverse ridges, the transverse 
being frequently less freely developed than the longitudinal bars. Colour white or dirty 
white. Length ^ugth or less to ^^th inch. 

Lagena Melo may be looked upon as intermediate between L. stdcata and L. squa- 
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uosa. Many specimens show their connection with the former in having stout longi- 
tadmal ridges, with very slightly developed cross-bars ; whilst others, with equally grown 
ornament, only want a zigzag inflection of the primary costae to give them the characters 
of L. squamosa. We have suggested an artificial division of these closely allied LagentB 
info— 1, those with square meshes (Z. Melo) ; 2, those with six-sided meshes (Z. hexagona^ 
Will. L. favosa, Reuss) ; and 3, those with both four- and six-sided meshes (Z. squamosay 
Mont.). The last two groups may be conveniently treated of together, as below. Lagena 
Mdo is not uncommon in company with other members of the group, though not so 
frequent as the smooth, sulcate, honeycombed, and marginate varieties ; and it has the 
same world-wide distribution ; it is found fossil also in many Tertiary beds. For its 
occurrence (recent and fossil) in the Mediterranean area, see ' Quart. Journ. Geol. Soc.,' 
Yol. xvi, Table, p. 302. 

In the Crag it appears confined to the bed at Gedgrave, containing Cardita senilis ; 
and the specimens are rare. 

7. Laoena squamosa, Montagu, Plate IV, fig. 7. 

Vebmiculum squamosum, Montagu, 1803. Test. Brit., p. 526, pi. 14, fig. 2. 
Serpula squamosa, Maton and Rackett, 1807. Trans. Linn. Soc, vol. yiii, p. 247. 

— — Turton, \S19, Conch. Diet., p. 158. 

Laqenula — Fleming, 1828. Brit. Animals, p. 235. 

— BETiCTiLATA, MacgilHvray, 1843. Moll. Anim. Aberdeen, p. 28. 

— SQUAMOSA, L. RETICULATA, Thorpe, 1844. Brit. Mar. Conch., pp. 234, 235. 
Entosglenia — Williamson, 1848. Ann. Nat. Hist., 2Dd8er., vol. i, pi. 2, fig. 19. 

— — var., y hexagona, Id. lb., fig. 23. 

— GLGBOSA, var. SQUAMOSA, Parker and Jones, 1857. Ann. Nat. Hist., 2nd 

ser., ▼ol. xix, p. 278, pi. 11, fig. 25. 

— SQUAMOSA (typica), Will,, 1858. Rec. For. Br., p. 12, pi. 1, ^g, 29. 

— — var. scALARiFORMis, Id. lb., p. 13, pi. 1, fig. 30. 
V— — var. HEXAGONA, Id. lb., fig. 32. 

Lagena reticulata, Reuse, 1862. Sitz. Akad. Wien., vol. xlvi, p. 333, pi. 5, figs. ^7^ 68. 

— SCALARIFORMIS (parte), Id. lb., figs. 69, 70. 

— FAVOSA, Id. lb., p. 334, pi. 5, figs. 72, 73. 

— GEOMETRIC A, Id. lb., fig. 74. 

OvuLiNA ORNATA, Seguenza, 1862. Foram. Monotal. Miocen. Messin., pi. 42, p. 1, 

fig. 12. 
Phialina — Id. lb., p. 48, pi. 1, fig. 30. 

Lagena squamosa, P. and J., 1862. Append. Carpenter's Introd., p. 309. 

— — Bradg, 1864. Trans. Linn. Soc, voL xxiv, p. 472; 1865, Nat. 

Hist. Trans. Northamb. and Durham, vol. i, p. 97. 

— SULCATA, var. SQUAMOSA, P. and /., 1865. Phil. Trans., vol. civ, p. 354, pi. 13, 

. figs. 40,41; pi. 16, fig. 11. 

— ANOMALA, Stache, 1865. Novara-Exped., Geol. Theil., vol. i, part 2, p. 183, 

pi. 22, fig. 5. 
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Characters. — Shell ovato-globose or pear-shaped, usually Entosolenian. Surface 
covered with an omamentatiou of elevated ridges, forming a network with hexagonal: 
or sub-hexagonal meshes. Colour white to yellowish. Length ^ih or less to ^th inch. 

This represents a state of ornamentation peculiar to iheLagemB amongst the "hyaline/' 
and to certain varieties of MUiola seminulum among the '' porcellanous'' Eoramiuifera. 
In L. Melo the cross-bars are often weaker than the longitudinal ribs, and pass straight 
across from rib to rib, like the secondary veins in a monocotyledonous leaf, such as 
Alisma, MyrsiphyUmn, &c. In Z. squamosa, however, not only have the secondary riblets 
become equal to the primary, but> by the zigzag inflection of the latter, a nearly r^ular 
hexagonally areolated ornament is produced, reminding one strongly of the polygonal 
meshes produced by the more perfect reticulation of the woody skeleton of a dicotyledonous 
leaf. Early observers, using but imperfect microscopes, compared this retose ornament 
with a scaly skin of a fish (see Williamson, 'Monograph,' p. 12), and, indeed, from young 
and small specimens, mounted in Canada balsam and viewed as transparent objects^ it 
would be almost impossible, even with the best instruments, to contradict such a 
diagnosis. 

Professor Reuss, in his ' Memoir on the Lagenidml pi. 5, fig. 74, figures, under the 
name of Z. geometrica, a very beautiful modification of this variety, in which the ornament 
takes the form of very small, regular, hexagonal meshes, separated by delicately thin 
elevated walls. Professor Williamson's figure ('Monogr.,' pi. 1, fig. 32) of Z. squamosa^ 
var. hexaffona, represents a similarly regular marking, but here the ridges are broader^ 
and the number of meshes finer. His Z. squamosa, var. scalariformis, has the same 
general character, but there is proportionately a smaller amount of ornament, and the 
interstitial spaces are still larger. 

In this reticulate Lagena the neck is usually intussuscepted (Entosolenian) ; but in one 
of the large fossil form (Z. squamoso-tahifera, Parker and Jones, * Phil. Trans.,' 1865, pi. 18, 
fig. 7), the neck is protruded in some cases to a considerable extent, and has about three 
secondary tubular apertures arising from it laterally, and almost at right angles to the main 
tube. This is an isomorphism with PolymorpUina tubtdosa^ and with certain feeble bifur- 
cating forms of Nodosaria from Cretaceous beds. 

Z. squamosa is of world-wide occurrence ; but, like Z. Melo^ is not so abundant as the 
long flask-shaped and the marginated forms. In the Arctic Seas it is not uncommon, 
and on our own shores it is found sparingly everywhere. It is found fossil in the Black 
Crag of Antwerp (Reuss), and in the Tertiary clays of North Italy. By far the bulkiest 
specimens of Z. squamosa that we have seen are from a Tertiary sand, which, rich in many 
varieties of Lagence^ in OvulUes, Polymorphina, and Vertehralina, was taken from the 
inside of a Cerithium giganteum from Grignon. A single specimen collected by Mr. H. C. 
Sorby, at Bridlington, kindly placed in our hands with his other specimens from the 
same locality, is the only instance we know of its occurrence in the Pliocene beds of 
Britain. 



LAGENIDA. 41 



Lagena margin ATA, Wolkcr and Jacob. Plate I, figs. 33, 34. 

Serpula (Lagena) marginau, Walker and Jacob, 1784. Test. Min., p. 3, pi. 1, fig. 7. 

Veemictilum maeginatum, Montagu, 1803. Test. Brit., p. 524. 

Serpula maboinata, Malon and Backett, 1807. Trans. Linn. Soc, vol. viii, p. 247. 

OoLiNA COMPRE88A, TXOrb,, 1839. Foram. Am^r. Merid., p. 18, pi. 5, figs. 1, 2. 

Lagenvla MABOINATA, Thorpe, 1844. Brit. Mar. Conch., p. 234. 

OoLiKA COMPEBSSA, B' Orb,, 1846. For. Fos. Vien., p. 24, pi. 21, figs. 1, 2. 

Entosolenia maboinata, Williamson, 1848. Ann. Nat. Hist., 2nd ser., vol. i, p. 17, 

fig«. 15—17. 
FissiJEiNA laevigata, Beuss, 1849. Denks. Akad. Wien., vol. i, p. 366, pi. 46, fig. 1. 

— ALATA, Id., 1851. Zeits. Deut. Geol. Ges., vol. iii, p. 58, pi. 3, 

fig. 1. 

— GLOBOSA, Bornemann, 1856. Zeits. Deut. Geol. Ges., vol. vii, p. 315, 

• pi. 12, fig. 4. 
Entosolenia — var. mabginata, P. and J., 1857. Ann. Nat. Hist, 2nd ser., 

vol. xix, p. 278, pL 11, figs. 28, 29. 

— MABGINATA, Will., 1858. Rec. For. Br., p. 10, pi. 1, figs. 19—21. 

— — varr. lucida, quabbata. Id. lb., pp. 10, 11, pi. 1, figs. 

22, 23, 27, 28. 
FiSBUBiNA oblonga, BeuM, 1858. Sitz. Akad. Wien., 1862, vol. xlvi, p. 339, pi. 7, 
fig. 89. 

— CABIN ATA, Id., 1862. lb., vol. xlvi, p. 338, pi. 6, fig. 83 ; pi. 7, fig. 86. 
Lagena mabginata, P. and J., 1862. Append. Carpenter's Introd., p. 309. 
FissuBiNA simplex, Seguenza, 1862. Foram. Monotal. Miocen. Messin., p. 56, pi. 1, 

^Z. 44. 



DSLTOIDEA, 


Id. 


lb., p. 57, pi. 1, fig. 45. 


LATISTOUA, 


Id. 


lb., fig«. 46, 47. 


Bianco, 


Id. 


lb., figB, 48—50. 


ACUTA, 


Id. 


lb., fig. 51. 


Peccuiolii, 


Id. 


lb., p. 58, pi. 1, fig. 52. 


COMMUNIS, 


Id. 


lb., p. 59, pi. 1, figs. 56, 57. 


PSOPINaUA, 


Id. 


lb., % 58. 


Abauasii, 


Id. 


lb., fig. 59. 


APERTA, 


Li. 


lb., p. 60, pi. 1, fig. 60. 


OBTIA, 


Id. 


lb., pi. 2, fig. 1. 


TENUIS, 


Id. 


lb., fig. 2. 


ELUPTICA, 


Id. 


lb., fig. 3. 


OTATA, 


Id. 


lb.,p. 62,pl. 2,fig«. 9, 10. 


Benoitiana, 


Id. 


lb., fig. 11. 


Haeokelii, 


Id. 


lb., p. 63, pL 2, fig. 13. 


nr^auALis, 


Id. 


lb., fig. 14. 


OIKCULUH, 


Id. 


lb., fig. 15. 


SlLVBSTBII, 


Id. 


lb., p. 64, pi. 2, fig. 18. 


EMASOIKATA, 


Id. 


lb., p. 65, pi. 2, fig. 20. 
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FisscKiNA DiLATATA, Segueiua, 1862.' For. Monot. Mioc. Meuin., p. 6.5, pi. 2, iig. 21. 



— 


LAVIS, 


Id. 


lb., p. 66, pi. 2, figs. 22, 23. 


— 


R0M£TTKN81S» 


Id. 


lb., fig. 24. 


— 


0RBIONYA.NA., 


Id. 


lb., figs. 25, 26. 


— 


MARGIKATA, 


Id. 


lb., figs. 27. 28. 


— 


SULCATA, 


Id. 


lb.,p. 67, pi. 2, fig. 29. 


— 


TUBUL08A, 


Id. 


lb., p. 68, pi. 2, figs. 36, 37. 


-r 


CoSTiE, 


Id. 


lb., p. 69, pi. 2, fig. 38. 


— 


ELE0AN8, 


Id. 


lb., fig. 39. 


— 


Gemellabii, 


Id. 


lb., p. 70, pi. 2, fig. 45. 


— 


REGOLABIS, 


Id. 


lb., p. 71. pi. 2, fig. 46. 


— 


Sabtobii, 


Id. 


lb, fig. 47. 


— 


Lyellii, 


Id. 


lb., figs. 48, 49. 


— 


RlZZAS, 


Id. 


lb., fig. 50. 


Amyodalika truncata. 


Id. 


lb. p. 73, pi. 2, figs. 52, 53. 


Lagena marginata, ^rfldy, 


1864. 


Trans. Linn. Soc., vol. xxiv. p. 472. 


— 


SULCATA, var. (Entosolenia) MABoyjATA, P. Eod J., 1865. Phil. Trans., vol. 








civ, p. 355, pi. 13, figs. 42—44 ; pi. 16, fig. 12 



Characters. — Shell orbicular, compressed, with a more or less prominent marginal 
ridge or carina. Tube either Ectosolenian or Entosolenian. Aperture oval or slit-like. 
Surface smooth. Colour white or dirty white. Length ^Jsth or less to jj^th inch. 

Under the general name Lagena marginata are included a large number of flattened 
forms, variable in shape, generally Entosolenian, but sometimes Ectosolenian with a long 
delicate neck. This compressed shape is usually associated with a trenchant margin, 
sometimes slightly apiculated, and sometimes dentate or ro welled (as in Williamson's 
' Monograph,' pi. 1, figs. 21 a, 25, 26), reminding us of the keel of certain CristeUaria. 
Occasionally, in large well-developed specimens of Z. marginata (recent and fossil) the 
margin is composed of a large predominant rib, strengthened by a pair of smaller costse 
{L.fasciafa, Eggcr, &c.), showing that, as in other Foraminifera, especially the Nodosarine 
group, the exogenous costae gather themselves to the margins, the rest of the surface 
becoming less and less ornamented. The pseudopodial pores also usually affect the 
neighbourhood of the thickened margin in these flattened forms, just as they follow the 
ridges of L. striato-jmndata. Occasionally the pseiidopodia have perforated the whole 
surface, either sparsely, or freely, as we have seen in specimens from the Indian Sea. 
In some rare specimens from the Coral-reefs of Austraha, and fossil at Bordeaux, we 
see the pseudopodia begin to enter the shell-wall near the centre, and then burrow 
radially to escape near the margin, the shell-surface being perfectly smootli and as 
polished as glass (Z. radiato-marginatay P. & J.). 

The intussuscepted neck-tube in L. marginata is generally more or less oblique, 
somewhat trumpet-shaped, and of varying length. The apparent difference in the 
setting on of the mouth, which we formerly thought we could detect, between Entosolenia 
and Lagena proper (' Annals Nat. Hist.,' 2nd ser., vol. xix, p. 279) does not really 
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exist ; for we find that in any of the subspecific groups forms may occur having either a 
gently tapering neck (Ectosolenian), or a tube abruptly set in (Ento-ecto-solenian), or a 
mouth- tube entirely intussuscepted (Entosolenian). Z. marginata is sometimes distoma- 
tous, being open at the base, and then coming under another (artificial) subdivision. 

No division of the species can be made depending on the general form of the shell ; 
from nearly globose to the most compressed and carinate specimen every gradation of 
contour may be shown. 

The distribution of Lagena marginata is world-wide. Professor Williamson has 
recorded its occurrence at 100 fathoms at the Hunde Islands ('Monogr./ pp. 10, 11); 
and we have found it in Dr. Sutherland's dredgings from the same locality (30 to 70 
fathoms), as well as in Messrs. MacAndrew and Barrett's material brought from Drontheim, 
North Cape (30 to 200 fathoms). On our own shores it is common everywhere. For some 
of its Mediterranean habitats (recent and fossil) see * Quart. Joum. Geol. Soc.,* vol. xvi, 
p. 302, Table. Under the name of Oolina compressa^ D'Orbigny described it as occurring 
with other LagentB at the Falkland Isles. It is figured by J. D. Macdonald, Assist. 
Surgeon H. M. S. Herald, in the 'Annals Nat. Hist.,' 2nd ser., vol. xx, pi. 5, figs. 7 — 10, 
but not described. He found it, together with Uvigerina dimorpha^ Spiroloculina planata, 
Quinqueloculina seminulum, and TrUoculina oblonga^ in 400 fathoms water, between 
Ngaa and Viti-Laru, in the Fiji group of islands. We have seen specimens hexagonally 
areolated, like L. squamosa, but less distinctly so, from the Tertiary beds of San 
Domingo, and from the white mud of the Australian Coral-reefs (Z. squamoso-marginata, 
P. and J.). 

Large specimens of Z. marginata are not uncommon in the Crag with Cyprina 
Islandica; and, less finely grown, it is frequent in the Gedgrave bed with Cardita 
senilis. 



9. Lagena ornata, Williamson. Plate I, figs. 29 — 31. 

Entosolenia mabqinata, var. ornata, Williamson, 1858. Rec. For. Brit., p. 11, 

pi. 1, fig. 24. 
— — Yar. LAGENOiDES, Id, lb., figs. 25, 26. 

Laobna LAGENOIDES, Reu99, 1862. Sitz. Akad. Wien., xlvi, p. 324, pi. 2, figs. 27, 28. 
Ftssueina tbapezoidea, Seguenza, 1862. Foram. Monot. Mioc. Mess., p. 68, pi. 2, 

fig. 34. 

— Reusmaita, Id. lb., p. 69, pi. 2, ^^. 40. 

— BADIATA, Id, lb., p. 70, pi. 2, figs. 42, 43. 

Characters. — ^Flask-shaped, with or without neck ; either Ento- or Ecto-solenian, or 
both, more or less compressed, and having its margin produced to a variable extent, and 
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traversed by pseudopodial tubes^ with a somewhat radial arrangement, often giving the 
margin the appearance sometimes of being more or less regolar plicated. 
Length ^th inch. 

In fact, we have in this case one of the subvarieties of Lagena marginata mentioned 
in ^ Phil. Trans./ 186$, p. 335^ and allnded to above in our account of the last-named 
form. Among the several modifications of the type, this presents one with the radiating 
canals visible only at the margin. Prof. Williamson's Bntowlenia mofyinata, var. ornata, 
especially possesses the subtypical character above mentioned; and his JE. marffinata, 
var. loffenoides, as represented by the fig. 26 in his * Monograph' (badly copied in Prof. 
Reuss's 'Monograph of the Lcyenida^ 1862, pi. 2, fig. 27, and misnamed ** appendt- 
culata* in the plate), has this character plain enough, though not so symmetrically perfect 
as in our specimen from the Crag. Prof. Seguenza has recorded some beautiful spe- 
cimens ; his Fismrina irapezaides is almost identically the same as Williamson's fig. 26 ; 
but his F. radiata and F. Beumana are beautiful developments of the same form ; 
indeed, we regret that the exigencies of zoological nomenclature debar us fix>m keeping 
our highly esteemed German friend's name permanently associated with so elegant a Zo^aui. 

L. omata^ with its neatly radiate margin, does not seem to be a very rare form among 
other LagentB (Davis' Straits and British coast, recent ; Sicily, fossil) ; besides two or 
three small specimens, we have from the Crag of Sutton one at least as beautiful as 
Seguenza's L: Beumana. 



10. Lagena apiculata, Beu%%, Plate I, fig. 27. 

OoLiNA APICULATA, Reu99, 1850. HaidiDg. Nat. Abhandl., vol. i?, p. 22, pi. 1, fig. 1. 
Lagena •— Id., 1862. Sitz. Akad. Wien., toI. zlvi, p. 319, pi. 1, figs. 

4—8, 10, 11. 
FissuRiNA ACUTA, Id, lb., p. 340, pi. 7, ^%^> 40, 41. 

OvuLiNA GAUDiGEEA, Seguetiza^ 1862. Foram. Mon. Mioc. Mess., p. 39, pi. 1, fig. 3. 

— PBBFORATA, Id, lb., p. 40, pi. 1, fig. 4. 

Amphorina 0L0B08A, Id, lb., p. 50, pi. 1, fig. 31. 

— TBNUICALCAR, Id, lb., fig. 32. 

— ELONOATA, Id, lb., fig. 34. 

Laoena SULCATA, VRF. (Entosolenia) APICULATA ct CAUDATA, P. and /., 1865. Phil. 

TraQB., vol. civ, p. 358. 

Characters, — Shell oval, subspherical, or flask-shaped ; smooth, with the base either 
merely apiculate, or drawn out into a tubular prolongation. 
Length xigth inch and upwards. 

Similar forms are often ornamented with striae and costulae, such as Z. caudata, D'Orb. ; 
and the two groups together, as we have already noticed (p. 35), when referring to our 
scheme of the division of the Lagena, may be referred to under that name, ns an intermediate 
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set of forms, leading from the common round-based varieties towards the distomatous 
series. 

These smooth apiculate LagentB, or smooth subvarieties of Z. caudata, D'Orb., are 
found in many places in company with the common LagencB, and they are fossil in the 
Tertiary strata. One or two small specimens only have occurred to us in the Crag of 
Sutton. 



11. Lagena gracillima, Beguenza. Plate' I, figs. 36, 37. 

MiLiOLA LJEVis, Ehrenherg (parte), 1845. Mikrogeol., part 2, p. 22, pi. 26, fig. 2. 
LaG£Na L-fiVis, Parker and Jones^ 1857. Ann. N. Hist., 2nd aer., vol. xix, p. 278, 

pi. U,%23. 
Amphoeina acuminata,' Seguenza, 1862. Foram. Monotal. Mioc. Messin., p. 51, 

pi. 1, fig. 35. 

— CYLINDKACBA, Id, lb., ^g. 36. 

— ftEACILLJMA, Id. lb., fig. 37. 

— DisTOETA, Id. lb., p. 52, pi. 1, fig. 38. 

Lagena sulcata, var. distoma-polita, Parker and Jones, 1865. Phil. Trana., vol. civ, 

p. 357, pi. 13, fig. 21 ; pi. 18, fig. 8. 

Characters. — Shell much elongated, fusiform, distomatous, often twisted or curved. 
Both extremities subulate. Surface smooth. The hyaline texture of the young shell 
becomes opaque white in older specimens. 
Length j^th to Jth inch 

This may be regarded as the distomatous form, corresponding to L. lavis in the 
single-mouthed series. Although it has been found elsewhere, both in recent and fossil 
condition, we have never seen specimens approaching those from the Crag in point of size, 
except from the Red Sea and Australia ; indeed, those in Mr. Wood's collection from 
Sutton are the largest Lagenm with which we are acquainted. 

Fig. 37, Plate I, represents a portion of the shell more highly magnified, and shows 
very beautifully its foraminated structure. It may be constantly noticed, in examining 
the shells of Lagence under high powers, that the amount of perforation varies with the 
thickness of the wall ; that in the, thinner, more delicate portions the foramina are few and 
indistinct, whilst in those places in which it assumes stouter proportions the surface 
is closely studded with dots indicating the open ends of the tubuli. 

Distomatous Lagena are by no means common. The best-known form has an elon- 
gated, straight-sided shell, with deUcate, parallel, longitudinal striae {Lagena diatomay P. 
and J.), occasionally found in deepest soundings in the Northern Seas. 

Seguenza, in his * Monografia dei Foraminiferi Monotalamici delle Mame Mioceniche 
Messinesi,' figures four smooth-shelled double-mouthed specimens with as many diflTerent 
specific names. Three of these are symmetrical, and one of them (fig. 37) the exact counter- 
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part of L, distoma-polita, P. and J., from Australia ; the fourth {Amphorina distarta) 
is unsymmetrical, and altogether analogous to those found in the Crag, 

We choose the term "ffracillima/' as having been applied to the most typical. form. 
Seguenza's Amphorina globoaa. Am. tenuicalcar. Am. oliva/armis, and Am. elonpata (figs. 
31 — 34), are apiculaie individuals standing between Lagena gracUlimn and L. lavis. 

Lagena gracUlima (under one modification or another) occurs on the Norwegian ^coast 
and in the Red Sea, on the beach near Melbourne, at Swan River, and on the Australian 
Coral-reefs. One or two specimens are also reported from the Durham coast. 

In the Crag it has hitherto been found only in the Sutton beds. It is not uncommon 
in the Tertiary marl of Sicily, examined by Prof. Seguenza. 



Genm — Nodosarina, Parker and Jone%. 
Nautilus, Orthoceras (parte), Orthocera, Nodosaria, Ellipsoidtna (?), Glan- 

DULINA, MUCRONINA, LiNOULINA, FiSSURlNA, AmPHIMORPHINA, FrONDICULARIA, 

Flabellina, Dentalina, Dentalinopsis, Yaoinulina, Rimulina, Maroi- 

NULINA, PSEGADIUM, LiNGULINOPSIS, HeMIGRISTELLARIA, HeMIROBULINA, 

Saracenaria, Cristellaria, Robulina, Planularia, &c., Auctorumy 

General characters. — Shell hyaline, tubuliferous, either straight, arcuate, or disco- 
spiral; composed of several segments, arranged in one series. Pseudopodial orifice 
terminal and single, either central or excentric. Surface smooth, or ornamented with 
straight, raised, parallel lines, either continuous or interrupted, sometimes reduced to 
spines or granules, sometimes replaced by one or more keels. 

Nodosarina {Marginulina) raphanus is the central form of a large series of Foramini- 
fera, whose constant variation in respect to degree of curvature, excentricity of aperture, 
with greater or less flatness or compression, has given rise to the most unphilosophical 
splitting up of what is practically a single species into an almost infinite number of 
pseudo-specific forms. The so-called genera and subgenera Glandulina, Nodosaria, 
Lingulina^ Frondicularia, Flabellina^ Mimulinay DentaHna^ Vaginulina^ Marginulina, 
Planularia^ Cristellaria, &c., have in this way all been constituted on characters of scarcely 
varietal significance. With some exceptions, however, they have a certain value of con- 
venience, which induces us, as in other cases, to admit them as representing divisions 
or groups in an otherwise unwieldy genus, which have certain peculiarities in common, 
though it would not be difficult to find a series of specimens which should exhibit every 
variation, from the straightest and most elongated Nodosaria to the most lenticular and 
carinate Cristellaria, We shall speak of these groups as subgenera, for want of a better title. 

' Ehrenberg applied the term ''Nodosarina'' (Berlin Acad. Transact, for 1838) to a corresponding 
group of Foramini/era, as a Family of the Polythalamian Order of his '' Bn/ozoa.** 



LAGENIDA. 47 



Subgenus — Glandulina, D'Orbigny. 

Nautilus (Obthocebas), Batseh, 

Nodosa BiA (Glandulina), D'Orbigny, Parker and Jones, Carpenter, 

Glanduuna, D'Orhigny, Reuse, Brawn, Morris, Bomemann, Brady, &c. 

Characters. — Shell acute-ovate. Chambers few in number, short, subcylindrical, or 
slightly ventricose ; each successive chamber much larger than the preceding one, and 
embracing a large portion of it. Aperture central. 



1. Glanduuna ljbvigata, D'Orbigny. Plate I, figs. 1, 2. 

NoDOSABTA (Glandulina) l^vioata, D'Orb., 1826. Ann. Sc. Nat., vol. vii, p. 2.52, 

No. l,pl. 10, figs. 1—3. 
Glandulina laevigata, D'Orb., 1846. For. Fos. Vien., p. 29, pi. 1, figs. 4, 5. 

— ovuLA, Id, lb., figs. 6, 7. 

— PYOMiEA, Gl. manifesta, Reuss, 1851. Haid. Nat. Abhandl., vol. iv, 

p. 22, pi. 2, figs. 3, 4. 

— ROTUNDATA, Bomemann, 1854. Liasform. Gottingen, p. 31, pi. 2, figs. 1, 2. 

— INFLATA, Born., 1855. Zeits. Deut. Geol. Ges., vol. vii, p. 16, pi. 1, figs. 6, 7. 

— L-fiVIGATA, Id. lb., fig. 8. 

— ELONGATA, Id. lb., fig. 9. 

— CONCINNA, Reuss, 1855. Zeits. Deut. Geol. Ges., vol. vii, p. 263, pi. 8, fig. 1 . 

— LAEVIGATA, Neuegeboren, 1856. Denksch. Matb.-Nat. CI. Akad. Wissen. 

Wien., vol. xii, p. 67, pi. 1, figs. 3, 4. 

ABBREVIATA, Id. lb., p. 68, pi. 1, fig. 1. 

NoDOSABiA L^viGATA, Parker and Jones, 1857. Ann. Nat. Hist., 2nd ser., vol. xix, 
p. 280, pi. 10, figs. 6—8. # 

— OLANs, Id., 1 860. Quart. Journ. Geol. Soc, vol. xvi, p.453, pi. 19, fig. 7. 
Glandulina elliptica, Reuss, 1864. Sitzungsb. Akad. Wien., vol. xlviii, p. 47, pi. 3, 

figs. 29—31. 

— LJEViGATA, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 468, pi. 48, fig. 7. 

— STEOBiLus, Reuss, 1865. Denks. Akad. Wien., Math.-Nat. CI., vol. xxv, 

p. 20, pi. 2, fig. 24. 

— GRACILIS, Id. lb., p. 21, pi. 2, figs. 25— 27. 

— LiEVIGATA,Var. INFLATA, 7c?. lb., p. 20, pi. 2, figs. 29 — 31. 
NoDOSARiA (Glandulina) l-evigata, Parker and Jones, 1865. Phil. Trans., vol. civ,. 

p. 340, pi. 13, fig. 1. 
Glandulina annulata, Stache, 1865. Novara-Exped., Geol. Theil, part 2, p. 184y 

pi. 22, fig. 6. 

— SUBOVATA, Id. lb., p. 185, pi. 22, fig. 7. 

— NAPiEFORMis, Id. lb., p. 186, pi. 22, fig. 8. 



48 FORAMINIPERA OF THE CRAG. 

Characters. — Shell more or less acutely ovate or subfosiform^ composed of sluHrt sab- 
cylindrical chambers, few in number, and increasing rapidly in sise with the growth of 
the shell. Fseudopodial aperture at the summit of the terminal chamber, usually round, 
but becoming more slit-like when the chambers become compressed. SurfiM» smooth. 
The striate variety is known as Gl. yUms^ D'Orb. Length about ^th inch. 

Glandulina lamgata is an interesting subtypical form of NadoBorinat distinguished 
from NodosaruB proper by its short, subglobular, fusiform shape. On the other hand, it is 
frequently althost impossible to separate the Glanduline from the short Linguline varieties 
of the type, which often differ in nothing save an inappreciable amount of flattening in the 
shells of the latter. ^ , > . .; • 

The specimens from Sutton in Mr. Searles Wood's collection are somewhat above the 
average size ; and, from their number, GL Immgata appears to have been a tolerably common 
form in the beds examined by him. 

In comparison with the other Nodoaarina^ Glandulina is nowhere abundant in a 
recent state. In the muddy bed of the Gulf of Suez at SO to 40 frithoms, in the 
Mediterranean at from 30 to 10& fathoms, off Shetland at about 70 fathoms, off the 
Norwegian coast at a similar depth, and within the Arctic Circle at 160 fiEtthoms, it is to 
be found sparingly distributed. 

It is less rare in a fossil condition, though the examples are generally very small, and 
may be met with in the Upper Triassic Clay of Chellaston, in many liassic marls, in the 
Oxford Clay of Leighton-Buzzard, the Kimmeridge Clay of Aylesbury, in the Chalk-marl 
of the South-east of England, and in the Tertiaries of Europe, New Zealand, &c. 



^ifi^^fiw—NoDOSARiA, Lamarck. 

Nautilus, Linni^ Sckroeter^ Walker, Gmelin, BaUeh, Turton, Montagu^ Maton and 
Rachett, Pennant, Dillwyn, Wodarch, W. Wood, &o. 

Obthoceras, Gualtieriy Martini, Bateeh, Be Blainville, Hanley, &c. 

Orthocera, Lamarck, Brookes, Be Blainville, Crouch, Broum, Fleming, Thorpe, &c. 

NoDOSARiA, Lamarck, Bef ranee, B'Orhigny, NiUson, Crouch, Brown, Sawerby, Bujardin, 
Hinngeri Roemer, Geinitz, Hanley, Ehrenberg, Michelotti, Uagenow, 
Morris, Thorpe, Philippi, Reuse, Cejzek, Bronn, M^Coy, Bailey, Eiehwald, 
Bomemann, Schultze, Neuegeboren, Egger, Parker and Jones, Williamson, 
Terquem, Costa, Karrer, Carpenter, Brady, Stache, &c. 

General characters. — Shell cylindrical, composed of several nearly equal segments, 
arranged in a straight series ; either smooth or ornamented with ribs, granules, or spines ; 
septal lines more or less depressed, making constrictions at right angles to the long axis 
of the shell. Pseudopodial aperture simple, central, often pouting. 
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1. NoDOSARiA UAPHANUS, Liufie, sp. Plate I, figs. 4, 5, 22, 23. 

CorDu Hammonis erectam, &c., Planeus, 1739. Conchis minus notis, p. 15, pi. 1, 

figs. 6, D — H. 
Orthoceras minimum, &c., Gualtieriy 1742. Index Test., pi. 19, figs. L, L, ll, h. 
Nautilus baphanus, LinnS, 1758. Syst. Nat., 10th ed., p. 711, No. 243 ; 1767, Syst. 

Nat., 12th ed., p. 1164, No. 283. 
Corna Ammonis, &c., Ledermullert 1760. Mikroskop. Gemuths., &c., p. 9, pi. 4, 

figs, ar, X. 
(htTHOCERAS, Martini, 1769. Neu. Syst. Konch. Kah., yol. i, p. 1 and p. 34, vignette 1, 

figs. A, B, c. 
Orthocera raphanoides, Lamarck, 1801. Syst. des Anim., p. 103. 
Nautilus (Orthoceras) costatus, BaUeh, 1791. Oonchyl. Seesand., pi. 1, figs. 

1 a — 1 g. 

— C08TATDS, Montagu, 1803. Test. Brit., vol. i, p. 199, pi. 14, fig. 5. 
Orthocera rapuanus, Lamarck, 1816. Encycl. M^th., pi. 465, figs. 2 a, 6, e ; 1822, 

Anim. sans Vert., vol. vii, p. 593, No. 1. 
Nautilus raphanus, Dilltoynn, 1817. Descript. Cat. Rec. Shells, vol. i, p. 347. 
NoDOSARiA acicula, Lamarck, 1822. Anim. sans Vert., vol. vii, p. 594, No. 5. 

— lamellosa, D'Orb.y 1826. Ann. Sc. Nat, vol. vii, p. 253> No. 17, pJ. 10, 

figs. 4 — 6. 

— RAPA, Id. lb.. No. 27. 

Orthocera raphanus, Crouch, 1827. Illust. Introd. Conch., p. 39, pi. 20, fig. 5. 
Nautilus eaphamstrum, N. raphanus, W. Wood, 1828. Suppl. Index Test., p. 64, 

pi. 13, figs. 23, 24. 
Articulina, Wetherell and Sowerby, 1834. Trans. Geol. Soc, 2nd ser., vol. v, p. 135, 

pi. 9, fig. 10. 
NoDOSARiA PAUCIC08TATA, Rocmer, 1840. Verst. Nordd. Kreid., p. 96, pi. 15, fig. 7. 

— TENUIC08TA, Rcuss, 1845. Verst. Bohm. Kreid. I, p. 25, pi. 13, figs. 5, 6. 

— OBSCURA, Id, lb., p. 26, pi. 13, figs. 7 — 9. 
-^ SULCATA, Id. lb., p. 26, pi. 13, fig. 17. 

— BoLLi, Reuss, 1855. Zeits. Deut. Geol. Ges., vol. vii, p. 262, pi. 8, fig. 6. 
Orthocera raphanus, Hanley, 1855. Ipsa Linn. Conch., p. 159. 

— baphanistrum, 0. raphanus, ^TanZ^, 1856. Wood's Index Test., p. 74, 

pi. 13, figs. 23, 24. 
Dentalina subabcuata, var. juoosa (parte), Williamson, 1858. Rec. Fos. Gr. Brit., 

p. 20, pi. 2, fig. 43. 
NoDOSABiA BAPHANUS, Parker and Jones, 1859. Ann. N. Hist., 3rd ser., vol. iii, p. 477, 

&c. ; 1865, PhU. Trans., vol. civ, p. 340, pi. 16, fig. 1. 
Dentalika pulghba, Gabb, 1860. Jonrn. Acad. Sc. Philadelphia, new series, vol. iv, 

part 4, p. 402, pi. 69, figs. 40, 41. 
NoDOSABiA DUPLicosTATA, Reuss, 1860. Sitz. Akad. Wien., vol.zl, p. 179, pi. l,fig. 5. 

— BAPHANUS, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 473. 

— STBiATissiMA, Stache, 1 865 . Novara-Exped., Geol. Theil, I Band, II Abtheil.^ 

p. 198, pt. 22, fig. 25. 

7 
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Dentalina stbiatissima, Stache^ 1865. Novara-Exped., Oeol. Thai, I Band, II Ab- 

theU., p. *200, pi. 22, fig. 38. 
Nodosaria (D£NTauka) Ludwigi, Beuss, 186G. Denka. Math-Nat. Gl. Akad. Wiaaen., 

vol. XXV, p. 19, pi. 2, fig. 23. 

C/iaracters. — Shell straight, subcylindrical, tapering, composed of a few largish 
chambers, and externally ribbed from end to end by stout parallel ridges. The con- 
strictions marking the septal lines are sometimes concealed by the overgrowing longi- 
tudinal costae. Liable to become either curved or compressed, or both, with more or less 
excentric aperture ; and thereby passing into either Dentalina or Marffintdina. 

Length ggth to Jth inch and more. 

It would be impossible to define exactly the limits between Nodosaria raphanus and the 
two forms which follow it on our list, N. raphanistrum and N. scalaris. All are straight 
Nodosarians, and have longitudinal costae. That there is a considerable amount of 
varietal distinction, the examination of a few specimens of each would satisfy any observer, 
and is confirmed by the peculiarities of distribution. In general terms, we may say that 
the species now under consideration (iV. raplianm) is the bold, few-chambered, coarse- 
ribbed, and tapering form ; N. raphanistrum is a longer and more cyUndrical shell, with 
a larger number of segments, and the ribs more neatly put on ; and N. scalaris is a few- 
chambered, more delicate, and transparent shell, seldom growing to a large size, and 
commonly having an extended neck produced from the terminal chamber. 

A specimen from Sutton (Lower Crag) and one from Thorpe (Upper Crag) are the 
only evidences we have of this species in the Crag ; nor is it an abundant form anywhere, 
except in the Adriatic, where it is frequently Marginuliniform (like our fig. 21), and is 
associated with arcuate or Dentaline varieties. 

In the Lias clays N. raphanus is sparingly found where the other Nodosarince are very 
common ; and in other Secondary and many Tertiary formations it is to be met with. 

Professor Williamson figures a broken specimen (fig. 43) from the British seas, but 
(Iocs not give the locality ; and we have one or two examples from deep water (70 to 
SO fathoms) off Shetland, and several from a similar or greater depth in the Hebrides. It 
occurs in the North Atlantic (78 fathoms) ; South Atlantic (Abrolhos Bank, 2G0 fathoms) ; 
and in the Mediterranean and Adriatic seas ; but vvcll-dcveloped specimens are rare. 

2. NoDOSARiA RAPHANISTRUM, Linn., sp. Plate I, figs. 6 — 8. 

Nautilus RAPHANISTRUM, iiwn., 1/58. Syst. Nat., 10th ed., p. 710, No. 242; 1767, 

Syst. Nat., 12ih ed., p. 1163, No. 282. 
Nautilus costatus, var., Montagu, 1808. Test. Jkit. Siipp., p. 83, pi. 19, fig. 2. 
Orthocera rapiianistrubi, Lamarcky 1822. An. s. Vert., p. 59-1, No. 3. 

— -De Blainville, 1824. Diet. So. Nat., vol. xxxvi, p. 486. 

Nodosaria Bacillum, De/rance, 1825. lb., vol. xxxv, p. 127; vol. xxvi, p. 487, Atlag 
Conch., pi. 13, fig. 4. 
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NoBosABiA Baoillitm, JffOrh.^ 1826. Ann. Sc. NaL, vol. vii, p« 254, No. 34. 

Orthocera, Woodward, 1833. Geol. Norfolk, pi 6, ^g, 24. 

Aeticulika, Wetkerell and Sowerby, 1834. Trans. Geol. Soc, 2Dd ser., yol. y, p. 135, 

pi. 9, Gg. 9. 
NoDOSARiA, Dujardin, 1835. M^m. Soc. Gfol. Fr., vol. ii, p. 3)0, pi. 17, fig. 17. 

— FILIP0BMI8, 1837. Henderson's Edition of Cuvier's ' Animal Kingdom/ 

yol. iii, pi. 8, fig. 10. 

— UNDECiMCOSTATA, N. SEPTBMCOSTATA, Getnitz, 1839. Charact. Sachs. 

Kreid.,p. 69, pL 17, figs. 19, 20. 

— iEaUAUS, G. Sowerby, 18:^9. Conchol. Manual, p. 71, fig. 465. 

— ACicuLA, N. ELEGAN8, N. Ranzanii, N. clava, MtchelotH, 1841. Rizopodi 

Terreni Sopracret. (Mem. Fissica Soc. Ital., yol. 
xxii, p. 302, pi. 1, figs. 1—4. 

— ZipPEi, Reu88, 1844 (T). Kreidegebirg., p. 210; 1845, Verst. Bohm. Kreid. 

I, p. 25, pi. 8, %s. 1—3. 

— PAUPERCULA, Id., 1845. lb., p. 26, pi. 12, fig. 12. 

— BACILLUM, D'Orb., 1846. For. Fobs. Vien., p. 40, pi. 1, figs. 40—47. 

— APFiNis, Id. lb., p. 39, pi. 1, figs. 36—39. 

— RAPHANisTRUM, Mtchelotti, 1847. Foss. Mioc. Ital. Septent. (Nat. 

Yerhandl. Hollandsch. Maatschap.Wetenschap. Haarlem. 
Tweede Verzam., 3« Deel. 2^ Stuk. 1847), p. 12, pi. 1, 
fig. 7. 

— ENNEAGONA, AUx. Rouoult, 1850. Mem. Soc. Geol. France, 2nd ser., 

yol. iii, p. 4i66, pi. 14, figs. 12, 12 a. 
Orthocera raphakistruh, Hanley, 1855. Ipsa Linn. Conch., p. 159, pi. 5, fig. 4. 
NonosARiA DisTANS, Reuss, 1855. Zeits. Deut. Geol. Ges., vol. vii, p. 264, pi. 8, fig. 5. 

— POLYGONA, Id. lb., figs. 7, 8. 

— compressiuscula, Neuegeboren (in part), 1856. Denies. Math. -Nat. 

CI. K. Akad. Wiss. Wien., vol. xii, p. 79, pi. 2, 
figs. 1—7. 
Dentalina 8UBARCUATA, var. JUGOSA (parte), WiUiavMon, 1858. Rec. For. Gt. Br., 

p. 20, pi. 2, fig. 44. 
NoDOSARiA INTERC08TATA, RcwSy 1860. Sitz. Akad. Wien., Math.-Nat. CI., vol. xl, 

p. 179, pi. l,fig.4. 

— PRISMATICA, Id. lb., pi. 2, fig. 2. 

— RAPHANUS, Parker and Jonea, 1860. Q. J. Geol. Soc, vol. xvi, p. 453, 

pi. 19, fig. 10. 

— SPECTRUM, ReuaSy 1862. Sitz. Akad. Wien., Math.-Nat. CI., vol. xlvi, 

p. ^7, pi. 2, fig. 3. 

— TUBIFERA, Id. lb., fig. 4. 

— BACTROIDES, Id. lb., fig. 5. 

— LAMELL0S0-C08TATA, Id. lb., p. 38, pi. 2, fig. 6. 

— PRISMATICA, Id. lb., p. 36, pi. 2, fig. 7. 

— MUTABiLis, Costa (n. d.). Foram. Foss. Terziar. Messina, p. 8, pi. 1, 

figs. 1, 2. 

— SULCATA, Id. lb., p. 14, pi. 1, fig. 4. 

— suBsiMiLis, Stache, 1865. Novara-Exped., Geol. Theil, I Band, II Abtheil., 

p. 195, pi. 22, fig. 21. 
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NoDOSABiA BUBSTBiOATAf Stache^ 1865. NoYara-Exped., Oeol. Theil, I Band, II Ab- 

theil., p. 196, pL 22, fig. 22. 

— 0ALL08A, Id. lb., p. 197, pL 22, fig. 23. 

— OBLiaUECOSTATA, Id. lb., fig. 24. 

— fiiFOSMis, N. BACTBiDiUM, RewSy 1866. Denka. Akad. Wien., toI. zxt, 

p. U, pi. 1, figs. 23—25. 

— CONBPUBCATA, Id. lb., pi. 2, figs. 19—24. 

Characters. — Shell long, straight, cylindrical, many-chambered; septa more or less 
constricted ; surface ornamented by numerous stout parallel ribs running from end to end 
of the shell. Length ^th inch to I inch and more. 

This is the most perfect form of all the straight NodoaaruB. When well grown 
it is a large stout shell, with well-marked characteristic parallel ribs. Taking a curved 
growth, it becomes Dentalina obliqua^ linn. 

N. raphanistrum is rare in the Crag at Sutton. It occurs in the Upper Trias, in the 
Upper, Middle, and Lower Lias, in the Oxford and Kimmeridge Clays, in the Gault 
and Chalk, in the London Clay, and in various more recent Tertiary clays, such as those 
of Italy, Spain, and San Domingo. Recent specimens are of rarer occurrence, but are 
occasionally met with in company with other Nodosaria in the Mediterranean and other 
seas. 



3. NoDOSARiA scALARis, Batsch, sp. Plate IV, fig. 8. 

Nautilus (Obthocebas) scalaeis, Batsch, 1791. Conchyl. Seesands, pi. 2, 

figs. 4 d, b. 
NoDOSARiA LONGiCAUDA, D'Orb., 1826. Ann. Sc. Nat, vol. vii, p. 254, No. 28; 

Soldani, Testae, vol. ii, pi. 95, figs, b, h. 
Articulina, Wetherell and Sowerby, 1834. Trans. Geol. Soc, ser. 2, vol. ▼, p. 135, 

pi. 9, fig. 8. 
Nodosabia 8TBIATICOLLI8, D' Orb,, 1839. For. Canaries, p. 124, pi. 1, figs. 2—4. 

— Candei, Id., 1840. For. Cuba, p. 44, pi. 1, figs. 6, 7. 

— Catesbyi, Id. lb., p. 45, pi. 1, figs. 8—10. 

— IN FLATA, -BtfUM, 1845. Verst. Bohm. Kreid. I, p. 25, pi. 13, figs. 3, 4; 

1855, ZeiUch. Deutsch. Geol. Ges., vol. vii, p. 262, pi. 8, 
fig. 2. 

— Badenensis, D'Orb., 1846. For. Foss. Vien., p. 38, pi. 1, figs. 34, 35. 

— PBOBOSCiDEA, Reuss, 1850. Haiding. Nat. Abhand., vol. iv, p. 23, 

pi. 2, fig. 6. 

— VENUSTA, Reuss, 1850. Denks. Akad. Wien., vol. i, pi. 46, fig. 5. 
Lagena Williamsoni (?), Harvey and Bailey, 1853. Proc. Acad. Philadelphia, 

vol. vi, p. 431. 
Dentalina inflata, Reuss, 1855. Zeitscb. Deutsch. Geol. Ges., vol. vii, p. 262, 

pi. 8, figs. 2—4. 
Nodosabia Badenensis, var. aculeata, Egger, 1857. Foram. Miocan-Schicht. 

Nieder-Bayern, p. 52, pi. 11, figs. 17 — 21. 
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NoDOSARTA SiMONiANA, Terquem, 1858. Mem. Acad. Metz, Ann6e zzxix, p. 587, pi. 1* 
figs. 4 Of b. 

— PBIMA, Id. lb., p. 589, pi. 1, figs. 6 a, b. 

— BADIOULA, Williamson, 1858. Rec. For. Gt. Br., p. 15, pi. 2, figs. 36—38. 

— NANA, Reusa, 1860. Sitx. Akad. Wien., vol. xl, p. 35, pi. 1, fig. 6. 

— LONOICAUDA, Parker and Jonea^ 1860. Quart. Jonm. Geol. Soc, vol.xvi, 

p. 302; 1862, in Carpenter's Introd., Append., p. 310. 

— — Brady, \^M. Trans. Linn. Soc., vol. xxiv, p. 473. 

— scALARis, P., /., and Brady, 1865. Ann. Nat. Hist., 3rd ser., vol. xv, 

p. 227. 

— — Parker and Jones, 1865. Phil. Trans., vol. civ, p. 340, pi. 1 6, 

figs. 2 a— c; pi. 18, fig, 13. 

— ANNULATA, Costa (n. d.) Foram. Foss. Terz. Messin., p. 13, pi. 1, fig. 16. 

Characters. — Shell straight, generally composed of from two to five chambers. Second 
chamber often smaller than the first, otherwise each succeeding chamber larger than that 
immediately preceding it. Chambers ventricose. Ornamentation^ a number of neat parallel 
costae, generally continuous from end to end of the shell. Pseudopodial aperture at the 
summit of the elongated neck of the ultimate segment, and often lipped. 

This is a common variety of Nodoaaria, of altogether feebler growth, and having fewer 
chambers, than N. raphanius ; the shell, too, is thinner aftd more hyaline. The specimen 
from which our figure is taken is a very small, two-chambered, unique individual from the 
Bridlington Crag, in Mr. H. C. Sorby's collection. 

N. scalaris is the most common recent Nodosaria, and it is found sparingly in all 
temperate and tropical seas. Its geological distribution is similar to that of N. raphanm, 
being known in the Secondary formations, and occurring in various strata up to the 
later Tertiary clays, in which it is not uncommon. 



Subgenus — ^Dentalina, UOrbiffny. 

Okthoceras, Qualtieri, Martini, 

Nautilus, Linn6, Schrdter, Baisch, Gmelin, Turion, Montagu, Maton and Raekett, 

Pennant, Dillwyn, Wodarch. 
Orthoceba, Lamarck, Brown, Fleming, Hanley, Thorpe. 
NoDOSAElA, Lamarck, Bef ranee, D'Orbigny, Brown, Nilseon, Hitinger, Muneter and 

Roemer, Michelotti, Parker and Jones, Reuss, Carpenter. 
Dentalina, D'Orbigny, Risso, Bronn, Ehrenberg, MacgiUivray, S. JFood And Morris, 

Reuss, Czjzek, Alth, Comuel, Jones, Bayley, Eiehwald, SchuUze, 

Bomemann, Parker and Jones, Williamson, Terquem, Neuegeboren, 

Karrer, Brady, Stache. 

General characters. — Shell awl-shaped, subcylindrical, tapering, curved ; composed 
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of several chambers in a linear series ; the primordial segment often very small. Septal 
lines either straight or oblique; usually constricted, occasionally level with the surface. 
Aperture terminal, often pouting, and nearly always excentric. Dentalina is not separable 
from Nodosaria, Vaffintdina^ and Marginulina^ except artificially ; for they all pass one 
into the other by numerous gradations. 



Dentalina obliqua, Linm. Plate I, fig. 9. 

Orthoceras minimam, &c., Gualtieriy 1742. Index Test., pi. 19, fig. nn. 
Nautilus obliquus, LinnS, 1767. Syst. Nat., ed. 12, p. 1163, No. 281. 

— JUGOSUS, Montaguy 1803. Teat. Brit., vol. i, p. 198, pi. 14, fig. 4. 
NoDOSABiA SULCATA, iVitZMon, 1825. Trans. Acad. Stockholm, p. 341 ; 1827, Petref. 

Suecana, p. 8, pi. 9, fig. 19 ; ffinnger, Leth. Snec., 1837, p. 33, 

pi. 10, fig. 4 (few-ribbed). 

— ELEOANs, MUnBter, 1838. Neues Jahrb., 1838, p. 382, pi. 3, fig. 1. 

— (Dentalina) sulcata, B*Orb., 1840. Mem. Soc. G6oL Fr., vol. iv, p. 15, 

pi. 1, figs. 10—13. 

— — multicostata, Id. lb., p. 15, pi. I, figs. 14, 15 (many- 

ribbed). 
Dentalina jugosa, 5. Wood, 1843. Morris's Cat. Brit. Foss., p. 61. 
NoDOSABiA ZiPPEi (parte), Reu99t 1845. Yerst. Bohm. Kreid. I, p. 25, pi. 8» fig. 1. 

— AFFINIS, Id. lb., pi. 13, fig. 16. 
— costellata, Id. lb., fig. 18. 

Dentalina urnula, D'Orb., 1846. For. Foss. Vien., p. 54, pi. 2, figs. 31, 32 (Denta- 
line form of Nodosaria scafaris). 

— elegantissima, Id. lb., p. 55, pi. 2, figs 33 — 35 (few-ribbed). 

— BiFURCATA, Id. lb., p. i)6, pi. 2, fig. 38, 39. 

— ACUTA, Id. lb., figs. 40—43. 

— PRiM^VA, D'Orb., 1850. Prod. Pal^ont., vol. i, p. 242, No. 260. 

— SEMiNUDA, ReusSy 1850. Denks. Akad. Wien., vol. i, p. 368, pi. 46, 

fig. 9. 

— BIFURCATA, Id. lb., fig. 10. 

— ACUTicosTA, Id. lb., p. 369, pi. 16, fig. 11. 

— KiNGii, JoneSj 1850. King's Monogr. Permian Foss., p. 17, pi. 6, figs. 2, 3. 

— PLNGENS, Revss, 1851. Zeitsch. Deutsch. Geol. Ges., vol. iii, p. 63, pi. 3, 

fig. 13. 

— MuENSTrui, Reuss, 1855. Sitz. Akad. Wien., vol. xviii, p. 31, pi. 1, fig. 8. 

Zeitscb. Deutsch. Geol. Gesell., vol. vii, p. 267, 

pi. 8, fig. 12. 
lb., pi. 8, fig. 13. 
lb., p. 268, pi. 8, fig. 14 fl. 
lb, fig. \4b. 
lb., p. 269, pi. 8, fig. 15. 



LONGICAUDA, 


Id. 


ACUTISSIMA, 


Id. 


Steknstrupj, 


Id. 


SULCATA, 


Id. 


Baltica, 


Id. 
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Dentalina aguticosta, D. bifubcata, D. multiuneata, Bomemann, 1855. Zeitt. 

Deut. Geol. Ges., vol. vii, p. 325, pi. 13, figs. 9—12. 

— CBEBicosTATA, Neuegehoren, 1856. Deuks. Akad. Wissen. Math.-Natar. 

CI., vol. xii, p. 90, pi. 4, figs. 12, 13. 

— Lamabcki, Id, lb., p. 91, pi. 4, figs. 16 «, 16 6. 

— PRiM^VA, Terquem, 1858. M^m. Acad. Imp. Metjs., 39 annee, p. 603, 

pi. 2, figs. 12 a, 5. 

— subarcuata, var. jugosa (parte), Williamson, 1858. Rec. For. Gt. Br., 

p. 20, pi. 2, fig. 42. 
NoDosABiA BAPHANUS, var. OBLiQUA, Parker and Jonea^ 1859. Ann. Nat. Hist., ser. 3, 

vol. iv, p. 35 1 . 
Dbntalina Marcki, Reusa, 1860. Sitz. Akad. Wien., vol. xl, p. 188, pi. 2, fig. 7. 

— polyphragma. Id. lb., p. 189, pi. 3, fig. 1. 

— KONINCKI, D. MICROPTYCHA, D. ABCUATA, Id, lb., Vol. xlu, p. 356, &C., 

figs. 3—5. 

— CONPLUENS, Reusa, 1861. lb., vol. xliv, p. 335, pi. 7, fig. 5. 
NoBOSARiA 8IPHUNCUL0IDES, Costa (n. d.). Foram. Foss. Marne Terziar. Messina, 

•p. 9, pi. 1, fig. 27. 
Dentalina Martini, Terquem, 1862. M^m. Acad. Imp. Metz, 43 ann^e, p. 454, 
pi. 6, ^g. 14. 

— ACicuLA, Parker and JoneSy 1862. In Carpenter's Introd., Append., p. 3 10. 

— LiNBATA, Reu9s, 1864. Sitz. Akad. Wiss. Math.-Nator. CI., vol. 1, 1 Abth., 

p. 22, pi. 4, fig. 11. 

— ACICULA, Brady, 1864. Trans. Linn. Soc, vol. xxiv, p. 473. 

— ScHWARZii, Karrer, 1864. Sitzung. Akad. Wien., vol. 1, 1 Abtheil, p. 15, 

pi. l,fig. 5. 

— OBscuRA, Stache, 1865. Novara-Exped., Ofol. Theil, part 2, p. 208, 

pi. 22, fig, 37. 
NoDOSARiA (Dsntalina) pungens, Reuss, 1866. Denks. Akad. Wisaen. Math.-Natur. 

CI., vol. XXV, p. 19, pi. 2, fig. 16. 

Characters, — Shell elongated, arcuate, tapering; composed of numerous (six to 
fifteen) chambers, which are subcylindrical and more or less ventricose, with the septal 
lines generally constricted, and the surface covered with riblets, varying in number and 
size in diflFerent specimens. Length ^^th to ^ths inch. 

Dentalina obliqua may be regarded as the curved form of Nodosaria raphanistrum. 
Like the latter, it has usually a large number of chambers, and it is covered with similar 
parallel longitudinal ribs, and under favorable circumstances it attains to similarly large 
dimensions, the only diflference being a more or less curved mode of growth. Some 
specimens seem rather to be the curved forms of N. raphanm; but there is little 
or no real difference. The straigld tapering variety of iV. raphanistrum is N. acicida, 
Lamarck. 

Mr. Searles Wood's specimens from Sutton are fine and numerous ; but we have not 
obtained it from other Crag beds. It is not an uncommon form in the various Secondary 
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and Tertiary fossiliferous clays. It occurs in the Lias, in the Chalk, and in the more 
recent formations of countries bordering on the Mediterranean. 

Living specimens have been found on our own coast, in the Mediterranean (320 
fathoms), and in the Indian Ocean (1120 fathoms) ; but it can scarcely be looked upon 
as a common recent species. 



Dentalina obliquestriata, Reu88. Plate I, fig. 19. 

Dentalina matutina, D'Orb.f 1850. Prodrome Paleont., p. 242, No. 259. 

— OBLiauESTRiATA, ReuM, 1851. Zeitsch. Deutsch. Geol. Oeaell., vol. iii, 

p. 63, pi. 3, figs. 11, 12. 

— Geikitziana, Neugeboren, 1856. Denlu. Akad. Wien. Math.-Natiir. CL, 

vol. xii, p. 91, pi. 4, fig. 15. 

— — Terquem, 1858. Mem. Acad. Imp. Metz., 39 annee, p. 602, 

fig8. llOfb. 

— DiVERGENS, Bcuss, 1864. Sitz. Akad. Wissea. Math.-Natar. CI., vol. 1, 

1 Abtheil., p. 22, pi. 4, fig. 10. 

Characters, — The same as those of B. obliqua, except that the striae, which in 
JD. obliqua are parallel to the longitudinal axis of the shell, take an oblique direction in 
D, obliquestriata. Length i^th inch. 

The artificial division which it has been necessary to adopt in reference to the nomen- 
clature of the Nodosarinoi renders the trivial name given by Prof. Reuss applicable as a 
subvarietal distinction to the curved (Dentaline) specimens with oblique striae, although 
as early as 1791 straight (Nodosarian) forms similarly marked were figured by Batsch 
with the specific name '* obliquatay The straight and the curved specimens have the 
same kind of costation, and are not really distinct specifically, much less generically. 

There have been specimens figured, under various names, in which the obhque striae 
are interrupted and partial (like those on the congeneric VaginuliiKB shown by our Plate I, 

fig. 10). 

Occasional specimens of this obliquely ribbed form are met with wherever NodosariruB 
are abundant ; but it is nowhere common, and we are not aware that it has been found 
in a recent condition. 
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Dentalina communis, B'Orbigny* 

Under the name of Nadoaaria (Dentalina) communis D'Orbigny has placed two varie- 
ties of smooth, tapering, curved NodoBarice^ one having straight and the other inclined 
septa. Both of these conditions (the septal planes being in one case at right angles to 
the axis of the shell, and in the other oblique) occur together in very many specimens of 
such Dentalina^ and therefore can be accepted only as artificial means of distinction. 
Moreover, the relative length and convexity of the segments are extremely variable, even 
in one and the same specimen ; and the length, also, and curvatinre of the shell, and its 
departure from the cylindrical form, are all unstable characters. It results that all these 
varieties (almost as numerous as the individuals) can be grouped either under ''Nodosaria 
dentalina' of Lamarck, or the better known name ''Dentalina communis,'' D'Orbigny. For 
convenience, we may keep the oblique-chambered specimens separate from the others 
when it preponderates over the other character. 

The modifications of the Dentalince having straight septa ^re more numerous than the 
others, as the latter, or oblique forms, soon become more definitely characterised as 
^'Vagintdina' and ''Marginulina," 

There are, however, other varieties of smooth Dentalina, many specimens having 
globose chambers [D. radicularis, Miinster, &c.), and others having swollen but long 
segments {D, globifera^ Batsch, &c.). 

These smooth Dentalina are really tapering and curved sub-varieties of Nodosaria 
radicula; the ornamented individuals belonging to N. rapAanus; and the obliquity of 
the segments and departure from axial symmetry culminating in the closely coiled and 
discoidal Cristellaria^. 

Among the numerous Dentaline sub-varieties of Nodosaria raphanus [Dentalina 
obliquu, Linn., being the first in order) every modification of N. raphanus has its Dentaline 
representative, whether the riblets be general or partial, few or many, coarse or fine, 
straight or oblique, continuous or interrupted, obsolete or replaced by spines or granules. 
So also there are Vaginuline, Marginuline, Cristellarian, Frondicularian, and other modifi- 
cations, respectively smooth (after the habit of N. radicula and its congeners), or orna- 
mented (after any of the patterns adopted by N. raphanus in its variations). As Marginulina 
raphanus is the central form of all these modifications of one type, we have chosen it (as 
Nodosarina raphanus^ typica) as the zoological representative of the group. 

It is inconvenient at present to construct a scheme of the alliances of the chief 
Nodosarine forms ; and even for the Nodosaria alone it would be almost a vain labour to 
attempt it, as they all mutually graduate one into the other — Glandinulince, Lingidince, 
Dentalina^ Vaginulina, Marginulina, &c., having full participation in all the characters 

S 
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of Nodosariay and hybrid iDdividuals being almost as common as any of the so-called 
typical varieties. 

Dentalints with a central aperture (PI. I, fig. 9, for instance) are merely bent 
Nodosaria. When the aperture is excentric, and the shell is tapering and curved, we 
have a " Dentalina " if it be round in transverse section, and *' Vayinulina " if it be 
compressed. But often a shell is Vaginuline (compressed) in its early growth and 
Dentaline when old, and this is the case with fig. 10, a Dentaline form of Fa^nulina 
linearis. The compressed forms are often straight, and therefore most of the VaffinuliiuB 
are straight rather than curved. If in a compressed shell, stouter than the tapering 
forms, and commencing with a relatively larger segment, or with coiled segments, the 
septal apertures follow the convex margin, we have a '' Maryinidina' (fig. 36) ; and a stout 
Nodosarian shell, circular in section, and with its septal apertures marginal, is also a 
'* Marginulina^^ (PI. I, fig. 21). If, however, these straight, stout, oblique-chambered 
NodosaritKBy with marginal aperture, be much compressed at the edges (being then acute- 
oval in transverse section), they pass as Vaffinulina (PL IV, fig. 9). 

It is very difficult, therefore, to place all straight Nodosarian specimens definitely in 
one or other of these groups, which are quite artificial ; for Marginuline and Dentaline 
forms of Nodosaria raphanm (compare PI. I, figs. 4, 9, 19, 21) and similar conditions of 
N, radicida abound, wandering from Glandulina and Linpdina to Cristellaria^ 
Flabellina, &c., without any real zoological distinction. 



Dentalina communis, TyOrhigny. 

«. With straight septal planes. Plate I, figs. 13—18, 20 ; Plate IV, fig. 10. 

Nautilus (Ortiioceras) leguminiformis (parte), Batsch, 1791. Conch. Seesand., 

pi. 3, ^g, 8 6. 

— RECTUS, Montagu, 1808. Test. Brit. Supplem., p. 82, pi. 19, figs. 4, 4', 7. 
Nodosaria dentalina, Lamarck, 1822. Anim. sans Vert., vol. vii, p. 596, No. 2. 

— Lit:viGATA, i\%M«, 1S25. Act. Acad. Holm., 1825, p. 342; 1827, Petrif. 

Suec, p. 8, pi. 20, fig. 20. 
(Dentalina) communis, D'Orb., 1826. Ann. Sc. Nat., vol. vii, p. 254, 

No. 35 ; after Soldani, Testae, vol. ii, pi. 105, 
fig. o. (Montagu's N. rectus is catalogued by 
D^Orbiguy as var. a of this species.) 

— l.kvigata, Hisinyer, 1837. Lethsea Suecica, p. 33. 

— (Dentalina) gracilis, lyOrb., 1840. Mem. Soc. Geol. Frauce, vol. iv, 

p. 14, pi. 3, fig. 5. 

— — NODOSA, Id, lb., figs. 6, 7. 

— LoRNEfANA, Id. lb., figs, b, 9. 

linearis, Roemer, 18-10. Vcrst. Nordd. Kreid., p. 95, pi. 15, fig. 5. 



ELBGAN8, D' Orb., 1846. 


PAUPERATA, 


Id. 


CONSOBRINA, 


Id. 


BOUEANA, 


Id. 


Vebneuilii, 


Id. 


BBEVIS, 


Id. 


PUNCTATA, 


Id. 
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Dentalina clava, D. attenuata, S. Wood, 1843. Morris's Catal. Brit. Foss., p. 61. 
NoDOSARiA LoRNEiANA, Rcuss, 1845. Verst. Bbhm. Kreid., part 1, p. 27, pi. 8, ^g. 5. 

— GRACILIS, Id. lb., fig. 6. 

— ANNULATA, Id. lb., pi. 13, fig. 21. 

Dektalina 0LI008TEGIA, Id. lb., p. 29, pi. 13, figs. 19, 20; 1851, Haiding. 

Abhandl., vol. iv, p. 19, pi. 2, fig. 10. 
For. Foss. Vien., p. 45, pi. 1, figs. 52—56. 
lb., p. 46, pi. l,figs. 57,58. 
lb., pi. 2, figs, 1—3. 
lb., p. 47, pi. 2, figs. 4—6. 
lb., p. 48, pi. 2, figs. 7, 8. 
lb., figs. 9, 10. 
lb., p. 49, pi. 2, figs. 14, 15. 

— WUliamaon, 1847. MLcrop. Obj. Levant, p. 78, pi. 4, figs. 70, 72. 

— iNEBMis, Csjzeky 1848. Haidinger's Natarw. Abhandl., vol. ii, p. 138, 

pi. 12,figs. 3— 7. 
Marginulina contbabia. Id. lb., p. 140, pi. 12, figs. 17—20. 

Dentalina monile, Comuel, 1848. M^m. Soc. O^ol. France, ser. 2, vol. iii, p. 247, 
pi. 1, fig. 18. 

— antenna, D. INTBBMEDIA, D. CHBY8ALI8, Id. lb., figs. 19 — 21. 

— TRiCHOSTOHA, Reuss, 1850. Denksch. k. k. Akad. Wiss. Wien., vol. i, 

pi. 46, fig. 6. 

— Tebquemi, If Orb,, 1850. Prodr6me Pal., vol. i, p. 242, No. 257. 

— annulata, Alth, 1850. Haidinger's Abhandl., vol. iii, p. 270, pi. 13, fig. 29. 

— Pebmiana, Jonea, 1850. King's Monogr. Perm. Foss., p. 17, pi. 6, fig. 1. 

— SUBNODOSA, Reu88, 1851. Haidinger's Naturw. Abhandl., vol. iv, p. 18, 

pi. 2, fig. 9. 

— MABGINULOIDES, Id. lb., p. 19, pi. 2, fig. 12. 

— ANNULATA, Id. lb., fig. 13. 

— LEGUMEN, Id. lb., fig. 14. 

— HUTABiLis, Bailey, 1851. Smithsonian Contrib., 1861, vol. ii, pi. 1, fig. 7. 

— DisPAB, D. ACUTiCAUDA, D. EMACIATA, Reuss, 1851. Zeitsch. Deutsch. 

Geol. Ges., vol. iii, p. 52, pi. 3, figs. 7—9. 

— OBTUSATA, Id. 'lb., p. 151, pi. 8, fig. 1. 

— ENsis, D. TBREGULABI8, Eichwald, 1852. Lethsea Rossica, part 1, p. 9, 

pi. 1, figs. 6 a, 6 6. 

— PLBBEIA, D. MBGALOPOLITANA, D. TENUICOLLIS, ReU88, 1855. ZeitSCh. 

Deutsch. Geol. (Jes., vol. vii, p. 267, pi. 8, figs. 9 — 1 1 

— CONSOBRINA, Bomemann, 1855. lb., p. 323, pi. 13, figs. 1 — 4. 

— ELEGANS, D. PAUPEBATA, D. VeBNEUILII, Id. lb., figS. 6 — 8. 

Mabginulina tenuis. Id. lb., p. 14. 

Dentalina Rbussi, Neuegeboren, 1856. Denks. Akad. Wiss.,vol.xii,p.85,p].3,figs.6,7. 

— PYGM^A, Id. lb., fig. 9. 

— Hajdingeri, Id. lb., fig. 12. 

— CONSOBRINA, Egger, 1857. For. Mioc. Ortenburg, p. 54, pi. 1 1, figs. 22, 23. 

— Tebquemi Terquem, 1858. M^m. Acad. Imp. Metz, 39 annee, p. 596, 

pi. 2, figs. 1, 23 (= D. pauperata, D'O.). 
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Dentamna. OBSGURiL, Ter^em, 18i)8. M^m. Acad. Imp. Mete, 39 ann^, p. 597, pK 2, 
fig. 2 {7=Dpauperaia, D'O.). 

— ACUMINATA, D. OTLINDSOIDES, D. COONATA, D. SUBBECTA, ReUM, I860. 

SitzuDgsb. Akad. Wien., vol. xl, p. 37, &c., pi. 1, figii. 7 — 10. 

— TBNUICAUDATA, D. COMBfUTATA, D. DI8TIN0TA, D. STRAMOULATA, Id. lb., 

pL 2, figs. 3—6. 

— OATENULA, D. DISCBEPANS, D. FILIFORMIS, D. PUOIUNCULU8, Id. lb., 

pi. 3, figs. 6—9. 
NoDOSAKiA DENTALiNA, Parker and Jones. Ann. Nat. Hist., ser. 3, vol. vi, p. 39. 
Dentalina pauperata, Id. Quart. Jonrn. Geol. Soc., vol. zvi, p. 457, 

pi. 19. fig. 22. 

— NUDA, Reuss, 1862. Sitsungs. Akad. Wiss., vol. xlvi, p. 38, pi. 2, figs. 8, 9. 

— PSEUDOCHRYSALIS, Id. lb., p. 40, pi. 2, ^g. 12. 

— HiLSEANA, Id. lb., p. 41, pi. 2, fig. 14. 

— LINEARIS, Id. lb., p. 42, pi. 2, fig. 15. 

— CYLINBR0IDE8, Id. lb., fig. 16. 

— LAHILIFERA, Id. lb., fig. 17. 

— Benningseni, D. indifferent, Reustt 1863. Sitzungsb. Akad. Wien., vol. 

xlviii, 1 Abth., p. 44, pi. 2, figs. 14—16. 

— CONSOBBINA, Id. lb., figs. 19—23. 

— ACDTICAUDA, Id. lb., p. 45, pi. 3, fig. 26. 

— BUCCULENTA, D. BETORNATA, Schwager, 1864. In Dittmar's Die Contorta- 

zone, pp. 404, 406, pi. 3, figs. 8, 9. 

— C0LLI8A, Id. lb., p. 405, pi. 3, fig. 10. 
Maroinulina incerta. Id. lb., p. 407, pi. 3, fig. 13. 

Dentalina iEQUALis, Karrer, 1864. Novara-Exped., Geol. Theil, vol. i, part 2, p. 74, 

pi. 16, fig. 1. 
NoDOSARiA (Dentalina) pauperata, Parker and Jones, 1865. Phil. Trans., vol. civ, 

p. 342, pi. 13, figs. 8, 9. 

— — consobrina, Id. lb., pi. 16, fig. 3. 

Dentalina y agiv a, Stache, 1865. Novara-Exped., Geol. Theil, vol. i, part 2, p. 206, 

pi. 22, fig. 34. 
Nodosaria inarticulata, N. tenuicollis, Reu88, 1865. Sitzungs. Akad. Wien., 

vol. lii, 1 Abtheil., p. 7, pi. 1, figs. 5, 6. 

— (Dentalina) grandis, Reuss, 1866. Deutsch. Acad. Wien., vol. xxv, p. 15, 

pi. 1, figs. 26—28. 

— — PYGMiEA {Neueg.^Id. lb., p. 17, pi. 2, fig. 9. 

— — ABNORMIS, Id. lb., p. 18, pi. 4, fig. 10. 

— — ACUTICAUDA, Id. lb., p. 1 7, pi. 2, fig. 1 1 . 

— — CONSOBUINA, var. EMACiAiA, Id. lb., p. 16, pi. 2, figs. 12, 13. 

— — VERMICULUM, Id. lb., p. 17, pi. 2, figs. 14, 15. 

— APPROXIMATA. !d. lb., p. 18, pi. 2, fig. 22. 
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j3. With oblique septa, 

NoDOSARiA (Dentalina) COMMUNIS, D' Orb., 1826. Ann. Sc. Nat., vol. vii, p. 254, 

No. 35 ; 1840, Mem. Soc. Geol. France, vol. iv, 
p. 13, pi. l,fig. 4. 

— — OBLiQUA, Id. lb., No. 36 ; Module No. 5. 

— — ARCUATA, Id. lb., No. 38. 

— — CARINATA, Id. lb., p. 255, No. 39. 
Dentalina cikoulata, Czfzek, 1848. Haidinger's Naturwiss. Abhandl., vol. ii, pi. 12, 

figa. 8, 9. 

— Ferstliana, Id. lb., figs. 10 — 13. 

— Acus, Beus8, 1851. Haid. Nat. Abhandl., vol. iv, pi. 2, fig. 15. 
Maroinulina ensis, M. elongata, M. apiculata,^ Id. lb., figs. 16 — 18. 
NoDOSARiA COMMUNIS, BeusSy 1845. Verst. Bohm. Kreid., part 1, p. 28, pi. 12, fig. 21. 

— (et Vaginultna) legumen, Id. lb., p. 64, pi. 13, figs. 23, 24. 
Vaginulixa Badenbnsis, D*Orb., 1846. For. Foss. Vien., p. 65, pi. 3, figs. 6—8. 
Dentalina globuligera, Neuegeboren^ 1856. Denks. Akad. Wiss., vol. xii, p. 81, 

pi. 2, fig. 10. 



CONFERTA, 


Id. 


lb., fig. 11. 


Haueri, 


Id. 


lb., fig. 12. 


ROEMERI, 


Id. 


lb., p. 82, pi. 2, figs. 13—17. 


Orbignyana, 


Id. 


lb., pi. 3, figs. 1—3. 


8UBTILIS, 


Id. 


Ib.,p. 83,pl. 3,fig. 4. 


Partschii, 


Id. 


lb., fig. 5. 


MUCRONATA, 


Id. 


lb., p.85, pi. 3, figs. 8— 11. 


8UBULATA, 


Id. 


lb., fig. 13. 



NoDOSARiA (Dentalina) communis, var., Par^^ and Jones. Ann. Nat. Hist., 2nd ser., 

1864, vol. xix, p. 282, pi. 11, fig. 1 ; 1865, Pbil. Trans., 
vol. civ, p. 342, pi. 13, fig. 10. 

Dentalina vetusta, Terquem, 1858. Mem. Acad. Metz, 39 ann^e, p. 598, pi. 2, ^f;. 4. 

— torta. Id. lb., p. 599, pi. 2, fig. 6. 

— SUBABCUATA, WUUamson, 1858. Rec. Fos. 6r. Brit., p. 18, pi. 2, 

figs. 40,41. 

— communis, Eley, 1859. Geology in tbe Garden, p. 199, pi. 4, fig. 21, and 

pi. 6, fig. 33. 

— BREYTS, Parker and Jones, 1860. Quart. Joum. Geol. Soc, vol. xvi, p. 457, 

pi. 19, figs. 23, 24. 

— communis, Id. lb., figs. 25, 26. 
Vaoinulina legumen,^ Id. lb., tigs. 27, 28. 

Dentalina intermedia, Reuss, 1860. Sitz. Akad. Wien., vol. zl, p. 42, pi. 8, fig. 8. 

^ These are quoted to show the extremely slight difference between Dentaline and Marguline 
Nodotarina. 

^ Quoted to show how inseparable all these forms really are. 
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Dentalina leoumxn, Beu9s, 1860. Site. Akad. Wien., vol. xl, p. 43, pi. 9, fig. 5. 

— COLLIOATA, Reuis, 1861. Sitzongs. Ak. Wien., vol. xliv, 1 Abth., p. 334, 

pl. 7, fig. 4. 

— NANA, Beu9s, 1862. lb., yol. xlvi, p. 39, pl. 2, figf. 10, 18. 

— aiLiQUA, Id. lb., p. 40, pl. 2, fig. 11. 

— DEFLEXA, Id. lb., p. 43, pl. 2, fig. 19. 

— BoETTCHBRi, Rcuss, 1863. lb., vol. zlviii, 1 AbtheiU, p. 44, pl. 2, fig. 17. 

— INOBNATA, Id. lb., p. 45, pl. 2, fig. 18. 

— ABNORMis, D. OBuauATA, Id. lb., p. 46, pl. 2, figs. 24, 25. 

— MABGiNATA, D. OBLiauEsuTUBATA, Stockey 1865. Novara-Exped., Geol. 

Tbeil, vol. i, part 2, p. 207, pl. 22, figs. 35, 36. 
Mauginulina dubacina, Id. lb., p. 21 1, pl. 22, fig. 42. 

C/iaracters. — Shell elongated, tapering, more or less curved ; consisting of numerous 
segments, generally somewhat ventricose. Primordial segment sometimes larger than 
the second, and either rounded or pointed at its free extremity. The terminal pseudo- 
podial aperture more or less excentric, sometimes pouting on a prolonged neck, but 
more commonly a simple orifice, surrounded by radiating grooves. Septal lines often 
more or less oblique, and generally constricted. Length ^th to Jth inch. 

Although it may be thought that the list of synonyms we have quoted has been 
carried to an excessive length, we may be allowed to state that it is by no means on 
exhaustive catalogue. We have carefully avoided doubtful figures ; and in our references 
to the papers of foreign authors, whenever there has seemed to be anything like a 
sufficiently distinct character on which to found a sub-variety, we have omitted the 
name from our table. It is only this desire to be on the safe side in massing previously 
described "species," that has prompted us to admit such sub-varietal forms as D. 
pauper ala and D. hrevis to separate mention. 

Dentalina comnnoiis is an extremely common variety wherever Nodosarian forms 
occur in the clays of the Secondary formations, but usually it is of small size. It is 
larger in the Gault than in the Jurassic clays ; still larger in the Chalk-marl and Chalk ; 
and in the Maestriclit Chalk it is large, as well as in the Tertiary beds that yield NodosarituB, 
being very finely developed in the Sub-Apennine clays. Older than the Secondaiy 
deposits, however, it is found in the Pennian limestones of England and Germany. 

The Crag specimens in Mr. Searles Wood's collection from Sutton are numerous, 
(exceedingly large, and correspond to D. pauperafa and such like modifications of 
group a. 

The Bridlington Crag has supplied a specimen corresponding to D'Orbigny's 
0. brevisj of the same group a. 

1). communis is a common recent species \ indeed, its geographical range is as extra- 
ordinary as the extent of its geological distribution. It is found in every latitude from 
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the Arctic circle to the equator. It occurs in many sandy shore-deposits ; but its 
favorite habitat is mud at 50 — 100 fathoms, and is continually met with in the 
deepest soundings, although never abundant there, and generally small. 



Dentalina communis, IfOrhigny, 

Sub-variety — D. pauperata, B'Orh. (see above, p. 59). 

Characters. — Shell elongate, sub-cylindrical, composed of many chambers. The 
early chambers sometimes cylindrical, the others more or less ventricose. Shell often 
irregular and unsymmetrical. Length i^th to ^th inch. 

Dentalina pauperata is a mere name of convenience for certain forms of Dentalina 
communis, in which the chambers have a compact style of growth, the septal lines being 
sometimes quite obscured. Large specimens were not uncommon in the Crag beds at 
Sutton worked by Mr. S, Wood. 

We find D. pauperata in marls of the Lias, in the Chalk, in the various fossiliferous 
Tertiary clays, and occasionally recent where other Dentalina abound. 



Dentalina communis, D'Orbigny. 

Sub-variety — ^D. bkevis, VOrb, (see above, p. 59). 

Characters. — Shell stout, sub-cylindrical, consisting of few (three to five) rather 
ventricose and more or less compact chambers. Length i^th inch. 

Of the poorly grown specimens of unstriated Dentalina (or curved Nodosaria radicula), 
the stimted few-chambered forms may be conveniently taken together under D'Orbigny's 
designation D. brevis. The characters are of little interest or significance, and it is so 
associated in distribution with the sub-typical D, communis as not to require separate 
treatment. Our figured specimen is from the Bridlington Crag. 



Subgenus — Vaginulina, UOrbigny, 

Obthoce&as, Gualtier, Batseh, Hanley. 

Nautilus, LinnS, Martini, Schroeter, Gmelin, Montagu^ Turio% Maton and Raekett^ 
DUlwyn, W. Wood. 
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Obtiiocera, Lamareky Blainville, Fleming^ Thorpe. 

Vag INCLINE., IXOrbigny, Roemer, Ehrenberg^ Macgillivray^ Bronn, Morris, Reu89j 

Parker and Jones^ Terquem, Bomemann, Neuegehwen^ Cornuef, Karrer, 

Brady, Seguema^ &c. 
Dentalina (in part), Maegillitray, Williamson, 
Spiralixa, Brown. 

Characters. — Shell elongate, tapering, straight or arcuate, compressed ; composed of 
several oblique segments, arranged in a linear series ; slightly or not at all constricted at 
tlie septal lines. Aperture marginal. 

Vaginidina proper has a compressed shell, but some specimens have the earlier 
segments compressed and the later chambers vesicular, thus comprising Dentaline or 
Marginuline characters, as the case may be. In a Nodosarian shell with oblique chambers, 
if there be no compression, the shell is a Maryinulina if stout, and a Dentalina if tapering. 
If commencing with an inclination to be spiral, the shell is a Matginulina if stout, but a 
Planvlaria if much compressed, in either case pointing towards Oristellaria. 

Vaginvlinm may have any of the ornaments found in other Nodoaarina, but they 
usually take on, in various degrees, and either alone or combined, first, a limbation of 
the septal lines and of the mai^ns, and secondly, riblets, continuous or interrupted, and 
usually oblique to the axis of the shell. 

Vaffinulina legumen, Linne, is the type of these elongate, compressed, and oblique- 
chambered Nodosarina, The form referred to by Linn^ is smooth and compact in 
gi*owth, and has limbate or thickened septal lines ; Vap. elegam^ D'Orb., and V. ligata^ 
Rss., are still more limbate ; Batsch figures a much less compact shell, without ornament, 
as Nautilus leguminiformis ; keeled individuals (limbate on the margins only) are 
D'Orbigny's Vaginulina marginata and V, caudata; ribbed, without limbation, V. linearis^ 
Montagu, sj)., being either very sparingly ornamented or ribbed all over; partly ribbed 
and limbate, V. margaritifera, Batsch ; much compressed and ribbed, V. striata, D'Orb. — 
and so on. 



Genus — Vaginulina legumen, LinnCy sp. 

a. Ciiauibers distinct, not compact, unornamented. 

Xautilus (Outhoceras) LEGUMiNiFoiiMis, Bafsch, 1791. Conch. Seesand., pi. 3, 

lig. 8 a. 
NoDOSAUiA. LEGUMEX, Reuss, 1845. Verst. Bolim. Kreiil., part 1, p. 28, pi. 13, 

figs. 23, 21. 
Dentalina communis (parte), Parker and Jones, hsGO. Quart. Journ. Gcol. Soc, 

?ol. xvi, p. 457, pi. 19, iig. 2G. 
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p. Chambers compactly set on, without ornament. 

Nautilas rectus geniculis depressis, Walker and Jacob, 1784. Test. Miaut., p. 21, 

pi. 1, fig. 74. 
Vaginultna LJEVIGATA, Roemer, 1838. Neues Jahr. f. 1838, p. 383, pi. 3, fig. 11. 

— ELONGATA, Id., 1840. Vcrst. Nordd. Kreid., p. 96, pi. 15, fig. 13. 

— Badbnensis, D'Orb., 1846. For. Fosa. Vien., p. 65, pi. 3, figs. 6—8. 

— LiETiGATA (Roem.), Beuss, 1848. Sitz. Ak. Wiss., vol. xviii, p. 226, 

pi. 1, fig. 9. 
Dentalika LEGUMEN, Williamson, 1858. MoDog. Rec. Foram., p. 21, pi. 2, 

figs. 45—49. 
Vaginulina LEGUMEN, Parker and Jones, 1860. Quart. Journ. Geol. Soc, vol. xvi, 
p. 457, pi. 19, figs. 27, 28. 



y. CJompact; limbate. 



Orthoceras minatum, &c., Gualtier, 1742. Index Test., pi. 19, figs, p, q. 
Nautilus legumbn, Linn., 1758. Syst. Nat, edit, x, p. 711, No. 248; 1767, ed. xii, 
p. 1164, No. 288. 
— — Montagu, 1808. Test. Brit. SuppL, p. 82, pi. 19, fig. 6. 

Vaginulina — D'Orb,, 1826. Ann. Sc. Nat, vol. vii, p. 257, No. 2. 

— blegans, Id., 1826. lb.. No. 1. 

— LiGATA, Reuss, 1864. Sitz. Akad. Wibb. Math.-Nat. CI., vol. 1, Abth. 1, 

p. 23, pi. l,fig. 11. 

— BECTA, Karrer, 1864. Novara-Exped., Abtheil. Palaont., p. 74, pi. 

16, fig. 2. 



S. Compact ; limbate on the margins only. 



Vaginulina mabginata, D'Orb., 1826. Ann. Sc. Nat., vol. vii, p. 258, No. 7. 
— CAUDATA, Id. lb., No. 8. 



c. Compact ; limbate and ribbed. 



Nautilus (Obthocebas) mabgabitifebus, Batsch, 1791. Conch. Seesand., pi. 4, 

figs. 12 a— 12 c. 
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t Compact ; narrow or subcylindrical ; costulate. 

Nautilus linearis, Montagu, 1808. Test. Brit. Suppl., p. 87, pi. 30, fig. 9. 
Dentalina LEGUKEKy VET. LiNSABis, JFiUiomioH, 1858. Monog. Bee. For., p. 21, 

pi. 2, figs. 46, 47. 
Vaginulina linearis, Parker toid Janet, 1865. Phil. Trans.^ vol. dv, p. 343, pi. 13, 

figs. 12, 13. 
NoDOSARiA (Vaginulina?) [fragment], Parker and Jones, 1857. Ann. Nat. Hist, 

2nd ser., vol. zix, p. 282, pi. 11, fig. 2. 

)/. Compact ; much compressed ; smooth. 

Planulabia longa, Comueiy 1848. Mem. Soc. G^l. Fr., 2nd ser., Tol. iii, p. 253, pi. 1, 
figs. 38, 39. 



0. Compact ; much compressed ; ribbed. 

Vaginulina striata, D^Orb., 1826. Ann. So. Nat., vol. vii, p. 257, No. 3. 

f. Compact; much compressed ; limbate. 

Vaginulina Kocuii, Roemer, 18401 Verst. Nordd. Kreid., p. 96, pL 15, fig. 10. 

AC. Compact ; much compressed ; limbate and ribbed. 

Vaginulina strigillata, Reuss, 1845. Verst. Bohm. Kreid., part 2, p. 106, pi. 24, 

fig. 29. 

>?, 0, I, K, constitute the group " Citharina,'' instituted by D'Orbigny (Modele No. 
1 15, Livr. 5 ; and ' Foram. Cuba,' p. xxxvii), but subsequently disused by him. 

Vaginulina laevigata, Roeiner, Plate IV, fig. 9. 

(For synonyms, see above, p. 65.) 

Characters. — Shell straight or curved, more or less compressed ; chambers set on 
compactly, smooth. Length ^th inch. 

We do not find a published figure exactly like our specimen from the Crag of Brid- 
lington ; but we cannot allow ourselves to give it a new name merely because it is rather 
stouter than the common smooth Vaginulina^. Were it not quite so compressed and so 
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acutely oval in cross section, we might regard it as a Marginulina, such as M. Wehhiana, 
D'Orb.,^ and M. obliqua, Reuss ;* and, indeed, it has almost as much right to be in that 
group of the Nodosarina as among the Faginulina. 



Vaginulina linearis, Montagu. PI. I, figs. 10 — 12. 

(For synonyms, see above, p. 66.) 

Characters. — Shell straight or bent, more or less compressed ; chambers compactly 
set on, more or less oval in section ; ornamented in a variable degree with delicate 
parallel riblets, mostly oblique to axis of the shell ; aperture excentric. Length 
ith inch. 

Whether in the fine specimens from the Crag of Sutton (collected by Mr. S. V. 
Wood) we have large Dentalina obliquestriata^ imperfectly ornamented, or Vaginulince 
linearea, more Nodosarian in their make than usual, it is difficult to say. We adopt the 
latter supposition. In many instances Vaffinulina linearis loses its compressed shape, and 
takes on more inflated chambers in its further growth, becoming Dentaline ; and such 
s^ms to have been the habit of the Sutton specimens. After all, it is clear that neither 
/). obliquestriata nor V. linearis are real species, and can be separately referred to only 
for convenience. 

As Margintdina Fi?Wia»flr, D'Orb., and M.obliqua, Reuss, are almost indistinguishable 
fixto Faginulina Icsmgata^ so M, vaginella and M. seniicostata^ Reuss/ are Marginuline 
conditions of V. linearis ; and V, recta, Karrer,* may be said to be the Marginuhne form 
of V, legumen proper. 

The elegant Foraminifer illustrated by pi. 5, fig. 2, * Sitzung. Akad. Wiss., Math.- 
Nat. CI.,' vol. 1, part i, 1864, and described at p. 26, op. cit., by Profesaor Reuss, as a 
variety of FlabeUina ensi/ormis, Miinst. and Roem., represents the fully costate condition 
of Faginulina legumen, the common specimens of var. linearis being only partially covered 
with riblets. How this Faginulina passes into FlabeUina may be seen by Reuss's figs. 
23 and 24, pi. 2, 'Sitzung. Akad. Wiss.,' vol. xviii, 1855; whilst Cristellaria gladiuSy 
Phil., fig. 31, of the same plate, shows Faginulina legumen becoming a Cristellaria, In 
fact, links between all the Nodosarina may readily be found. 

As for F. linearis, this form of Faginulina only differs from the sub-typical F. legtimen 
in costation of the surface of the shell, a character of extreme variability. Many speci- 
mens only show these markings on the first two or three chambers, whilst in others they 
are apparent over the greater portion, and in some cases over the whole length of the 

> « Foram. Canaries,' 1839, p. 124, No. 4, figs. 7—1 1 ; and 'Foram. Am6r. M6rid.,' p.24, pl.5,fig8. 17, 18. 

2 'Denks. Akad. Wien.,' vol. vii, 1854, p. 69, pi. 25, fig. 9. 

» 'ZeiUch. Deutsch. Geol. Gesell.,' vol. iii, 1851, p. 152, pi. 8, figs. 2, 3. 

^ *Novara.Exped.,' Abth. " Falaeont.," p. 74, pi. 16, fig. 2. 
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shell. We have never seen it so abundant as in some sands dredged in from thirty to 
forty fathoms, in Berwick Bay, and in that locality the finely grown VoffinuliniB were 
found to be almost without exception in the ribbed condition. It is impossible to dis- 
tinguish the smooth, slender, depauperated forms of Voffinulina {rom Dentalina communis; 
indeed, the two varieties merge insensibly into each other, whilst the costulate Vayinulifue 
are barely separable from D. obliquestriatn, 

V. linearis is not uncommon in a recent condition on our own shores, though it 
appears to be somewhat local in its distribution, and the same remark applies to its 
occurrence in seas of both colder and warmer latitudes. 

In a fossil state it is less common, but it is occasionally met with in beds belonging 
to the Secondary and Tertiary periods. 



Subgenus — Margikulina, NOrhtgny. 

Nautilus, Orthocebas, Ortiiocera, Cristellaria, OrtiIocerina, 

Hemicristellaria, Auetorum. 
Margin ULiN A, D^Orbigny^ Comuel, Roemer, Reuss, Neuegeboren^ 

Barnemann, Parker , Jones, Brady, Terquem^ Karrer, Costa, ^c. 

Characters. — Shell elongated, subcylindrical or flattened, straight or arcuate, tending 
to spiral mode of growth in the earlier chambers ; ornamented with ribs, granules, spines, 
&c., as other Nodosarina. Aperture nearly always excentric towards or close to the 
convex margin of the shell. 

The difficulty of defining any special groups among the Marginuliue Nodosarinte is 
insuperable, every character being variable, namely, the excentricity of the axis of the shell 
(whether amounting to spirality or simply to a curvature), the compression, and the orna- 
mentation, which last has the same patterns as in other Nodosarince, 

We may take the simple smooth Marginidince as one group ; but we are baffled by the 
ever-varying proportions and shape among them ; and, hesitating to adopt a name for 
every individual, w^e are obliged to take M. glabra (sec further on) as a subtype, though 
it graduates in form into Vaginulina, Dentalina, and Nodosaria, on one hand, and into 
Cristellaria on the other; whilst, as to ornament, it takes on more or less of the exogenous 
shell-growth, thus becoming any one of the hispid, costate, limbate, or otherwise orna- 
mented varieties. 

For another subtype in our artificial grouping, wc may take the ribbed M. raplianioi, 
to be presently described. For another, the keeled forms J/, cariaaia, D'Orb.,^ and M. 
angistomuy Stache," may serve. A fourth group may comprise the linibatc varieties, cither 

^ 'Ann. Sc. Nut./ vol. vii, p. 259, No. 8. - * Novara-Exped./ &c., pi. 22, Hg. 46. 
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simply limbate, as M, obliqua and Cristellaria Goaa, Reuss,^ or granulato-limbate, as 
Marffinulina WethereUii, Jones,* and Cristellaria decorata, Reuss.* A fifth series contains 
those which have the chamber-waUs swollen or thickened by bars transverse to the axis of 
the shell {M. trilobata, D'Orb.*), or knobbly, as Marginulina Hochstetteri, Stache,^ and 
HemicriateUaria papUlata, Stache.' In others the growth of coarse granules is carried to 
so great an extent that they encroach on each other, leaving only irregularly reticulate 
fissures, or sunken lines, on the exterior, as Stache's Hemicristellaria verrucosa? Lastly, 
a group may be formed of the prickly MarginulirKB^ with M. hirsuta^ D'Orb.,^ as a centre. 
But all these graduate one into the other, as respects both form and ornamentation. 



Marginulina glabra, IfOrhigny. Plate I, fig. 36. 

Marqinulina glabra, B'Orb,^ 1826. Ann. Sc. Nat., vol. vii, p. 259, No. 6; Modde 

No. 55. 

— LAEVIGATA, Id, lb., No. 10. 

— L1TUU8, Id, lb., No. 11; Soldani, Testae, vol. ii, p. 99, 

pi. 106, fig8. aa, bb, 

— Wbbbiana, WOrb,, 1839. For. Canaries, p. 124, pi. 1 ^^, 7—11 ; For. 

Amer. Merid., p. 24, pi. 5, figs. 17, 18. 
Cristellaria Berthelottana, Id, lb., p. 125, pi. 1, figs. 14, 15. 

Marginulina compressa, D'Orb,, 1840. Mem. Soc. G^ol. Fr., vol. iv, p. 17» pi. 1, 

figs. 18, 19. 

— ELONGATA, Id. lb., figs. 20 — 22. 

— COMMA, Roemevy 1840. Verst. Nordd. Kreid., p. 96, pi. 15, fig. 15. 

— ELE0AN9, S, Wood, 1843. In Morris's Cat. Brit. Foss., p. 62. 

— EEGULAR19, D'Orb,, 1846. For. Foss. Vien., p. 68, pi. 3, figs. 9—12. 

— PEDUM, Id, lb., figs. 13, 14. 

— siMiLis, Id, lb., p. 69, pi. 3, figs. 15, 16. 
Cristellaria Hauerina, Id, lb., p. 84, pi. 3, figs. 24, 25. 

— RHOMBOiDEA, Czjzek, 1848. Haid. Abbandl., vol. ii, pi. 12, figs. 21 — 

23. 

— LisTi, Bomemanriy 1854. Lias Formation, p. 40, pi. 4, fig. 28. 
Marginulina Bachei, Bailey, 1857. Smith's Contrib., vol. ii, 1861, art. iii, pi. 1, 

figs. 2—6. 



» 'Denks. Akad. Wien.,' vol. vii (1854), pi. 25, figs. 9, 10. 

* In Morris's * Catal. Brit. Foss.,' 2nd ed., 1854, p. 37. 

^ *Zeit8. Deut. Geol. Ges.,' vol. vii, 1855, pi. 8, fig. 16, and pi. 9, figs. 1, 2. 

* Mera. Soc. Geol. Fr.,' vol. iv, pi. 1, fig. 16. 

* Op. cit., pi. 22, ^%, 55. 

6 Op. cit., pi. 23, ^g, 4. 

7 Op. cit, pi. 23, fig. 5. An analogous ornamentation cbaracterises Stache'a Cinstellaria bufo (op. 
cit., pi. 23, fig. 18), Lingulina rinma (pi. 22, fig. Id), and Glandulina rimosa (pi. 22, fig. 10). 

^ 'Ann. Sc. Nat,' vol. vii, p. 259, No. 5 ; ' For. Foss. Vien.,' p. 69, pi. 3, figs. 17, 18. 
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Cbistellabia suBABCUATULAy TBT. ELONOATA, WilHttmsoH, 1858. Rec. For., Gt. Br., 

p. 30, pi. 2, fig. 62. 
MABGnnjLiNA SUBLITUU8, Parker and t/bnev, 1860. Quart. Joam. Geol. Soc, vol. zti, 

p. 457. pi. 20, fig. 37. 
— LITUUS, Id,, 1862. App. Carpenter's Introd., p. 310; 1865, Phil. 
Trans., yoI.cIy, p. 343, pi. 13, figs. 14*, 14 ^ 



Characters, — Shell lituate or oblong, sometimes flattened, composed of several more 
or less oblique segments, the earlier chambers arranged on a spiral or nautiloid plan ; 
the later chambers usually wider, and always in a linear series. Chambers often ventri- 
cose, and the septal Hues correspondingly constricted. Margin of the shell thin, but 
rarely carinate. Length j^th inch or more. 

Maryinulina glabra, with its feeble, elongated, smooth, partially coiled shell, is one of 
the inteniiediate links of Nodosarina. Indeed, a well-coiled bold specimen of this variety 
would have nothing to distinguish it from Cristellaria rotulata. 

In distribution geologically, it accompanies its natural allies, commencing in the 
Upper Trias and reappearing in most of the fossiliferous deposits up to the later 
Tertiaries. 

We have seen recent specimens from the west coast of Scotland (shallow water), 
from the Norwegian coast, the Red Sea (557 fathoms), and from the South Atlantic 
(260 fathoms) ; besides which it occurs off the coast of New Jersey, in the Mediterranean^ 
and doubtless in many other localities. 

One or two very small examples in Mr. S. Wood's collection from Sutton constitute 
the only evidence we have of its presence in the Crag deposits. 



Marginulina raphanus, Lhme, Plate I, fig. 21. 

Nautilus raphanus, Linn6, 1758. Syst. Nat., edit, x, p. 711, No. 243 ; edit, xii, 1767, 
p. 1164, No. 283. 

— granum. Id. lb., No. 244, edit, xii, 1767, p. 1164, No. 284. 

— (Ortiioceras) costatus, Batsch, 1791. Sechs Kupfertafeln, pi. 1, 

figs. 1 a—lg. 
Marginulina raphanus, D'Orb., 1826. Ann. Sc. Nat., vol. vii, p. 258, No. 1, pi. 10, 

figs. 7, 8 ; Module No. 6. 

— suBLiTUUS, Id,, 1826. Ann. Sc. Nat., vol. vii, p. 259, No. 9. 

— VikvniLSVS^Ehrenherg, 1839. Transact. Berlin Akad. for 1838, p. 59, 

pi. 1, figs. 2 A, B. 
Obthocerina multicostata, Bornemann, 1854. Liasformation, p. 35, pi. 2, fig. 14. 
Cristellabia subabcuatula, var. costata, Williamson, 1858. Rec. For. Gr. Br., 

p.31,pl. 2,fig. 63. 
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Vaqinulina sulcata, Costa \n. d.). For. Foss. Terz. Messina, p. 18, pi. 2, 

figs. 17 A, B. 
Marointtlina raphanus, Parker and Jones, 1862. In App. Carpenter's Introd., 

p. 310. 

— INTBBBUPTA, Stache, 1865. Norara-Exped., Gaol. Theil, vol. i, part 2, 

p. 212, pi. 22, fig. 45. 

— APicuLATA [apiculifbra on the plate]. Id. lb., p. 216, pi. 22, fig. 49. 

— SPINULOSA, Id, lb., fig. 51. 

— TBICUSPI9, Id. lb., p. 218, fig. 52. 

— A8PROC08TULATA, Id. lb., p. 219, fig. 53. 

— ELATISSIMA, Id. lb., fig. 54. ^ 



Characters. — Shell elongated, subcylindrical or somewhat flattened, arcuate or 
straight ; composed of few chambers, often ventricose, and the earlier ones often showing 
tendency towards a spiral mode of growth. Surface ornamented with stout ribs running 
from end to end of the shell. Length ^th inch and more. 

The Marginuline form of Linne's Nautilus raphanus is so intimately associated with 
its Nodosarian form that D'Orbigny was quite correct in cataloguing them together 
imder the name of Marginulina raphanus; but he made a distinction without a difference 
in separating the more elongate form, as Nodosaria rapa. 

The figures in Soldani's ' Testaceographia/ to which D'Orbigny refers as illustrations 
of Marginulina raphanus, are associated on the same plate with several Nodosaria, such 
as N rapay D'Orb. (=:iV. raphanus) and N scalaris, among which the gradational 
conditions may be plainly seen. 

The robust proportions and characteristic Nodosarian ornamentation of Marginulina 
raphanus, together with the facts that the eccentricity of its aperture is variable, and that 
whilst it has not the heUcoid arrangement of the earUer chambers, but is rather alUed to 
the straight varieties, it shows by its curvature the tendency to a spiral mode of growth, 
render it the most eligible type for the whole series of Nodosarina. In addition to its 
suitability on morphological grounds, it has claims for acceptance on the score of priority, 
as it was one- of the very few Foraminifera described and named by Linne, and conse- 
quently one of the first of which we have scientific record. 

Marginulina raphanus is often found among the specimens of Nodosaria raphanus 
abounding at Rimini, in the Adriatic ; but otherwise it is by no means a common Foraminifer, 

^ Of these, figs. 49, 51, and 54 represent individuals in which the ribbing is weak; and, indeed, in 
fig. 45 the ribs fail on the last chamber. Still further, some specimens are figured as M. angistoma 
(fig. 46), M. opaca (fig. 47), and M. mucronulata (fig. 48), on the same plate, which show an absence of 
cottation (excepting a keel in fig. 46), and more or less irregularity of growth, thus presenting the 
Marginuline condition of Stache's Nodosaria erecta (fig. 12=iV. radicula), just as the above-quoted costate 
forms and Stache*8 N. striatissima together are Nodosarian and Marginuline conditions of Nodosarina 
raphanus. 
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either in a recent or fossil state. We have it from various Liassic marls, and it occurs 
in many Tertiary deposits in company with other commoner varieties of the same type. 
In a living condition it is very sparingly distributed. 

Mr. S. Wood found it in the Crag of Sutton, but the specimens were few and small. 



Subgenus — Cristellaria, Lamarck, 

Nautilus, L\nn6^ Gmelin, Walker and Jacob, Montagu, Maton and Raekeii, Pennant^ 
Fichtel and Moll, Sowerhy, Turton, Fleming, Broum, &c. 

Lenticulites, Lamarck, Defiance, NiUson, Hisinger. 

Lenticulina, Lamarck, Defiance, Parkinson, &c. 

PoLTSTOMELLA, Lamarck. 

NuMMULARiA (in part), Sowerhy. 

Cristellaria, Lamarck, Defiance, D*Orbigny, Ehrenherg, Czjzek, Reusi, Muntter 
and Roemer, Cornuel, Philippi, Hagenow, Bronn, Morrie, Parker 
and Jones, Williamson, Bornemann, Terquem, Carpenter, Costa^ 
Seguenza, Brady, Karrer, &c. 

KuMMULiNA (in part), D'Orhigny, 

FuoNEMus, FuARAMUM, Antekor, Robulus, Patroclks, Sphinctebulus, Clibi- 

PUONTES, HeBION, RhINOCURUS, MaCBODITES, LaHFAB, ScOBTlMUa, ASTACOLUBy 

Periples, Montfort, 
Oreas, Montfort, Blainville. 
Linthuris, Montfirt, Blainville, 
Saracenabia, Defiance, D^Orbigny. 
RoBULiXA, D'Orhigny, Munster and Roemer, Ehrenherg, Czjzek, Reusn, Bronn, Morris, 

Bornemann, Terquem, Costa, Karrer, Stache, &c. 
IIemicristellaria, Hemibobulina, Stache, 

Characters. — Shell round, oval, or oblong, disco-spiral, lenticular, or compressed, bi- 
laterally symmetrical as regards the longer axis, as is the case with the other Nodo8arin€e ; 
formed of a spiral set of chambers, in one or more whorls ; chambers either curved or 
triangular, or both, and variable in size and shape, compactly set, increasing successively 
in size, slowly or rapidly, and more or less embracing the earlier part of the spire. 
Aperture cxccntric, cither slit-like, triangular, or round, radiated, usually close to the outer 
or convex margin, but sometimes pouting and nearer the middle of the septal plane. 
Surface cither smooth or ornamented with any or all of the following features — 
limbation of the septal lines, ribs, bars, or granules, umbonal knobs, marginal keel and 
spikes. 

The lenticular Cristellaria without any keel is C. rotulata, Lamarck ; with a keel, 
C. cidtraia, Montfort ; with a broad keel, commonly toothed, it becomes C. calcar, Liune. 
T\Ticn nmch compressed and broadly keeled, it is C. cassis, Y. and M. Some lenticular 
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GlandtUina larigata, side view 

— — end view, showing aperture 



Nodosaria raphamu, side view (slender form) . 

— — end view, showing aperture 

— raphanistrum side view (a fragment) 

— — end view 

— — side view (nearly perfect specimen) 
Dentalina obliquOy side view 
VaffinuUna linear is^ side view 

— — end view, showing central aperture 

— — ». », eccentric aperture 
Dentalina pauperata, side view (of irregular growth) 

— — end view, showing broken aperture 

— — side view (large specimen) 

— — end view, showing aperture 

— — side view 

— — end view, showing aperture 

— obliques friatat side view 

— pauperqta (of compact growth) 
MargintUina w ip hanut ^ side view 
Nodosaria — side view, much enlarged 

— — outline 
Cristellaria cultrata, side view 

— — edge view 
Marginulina glabra^ side view 
Lagena apiculatay side view 

— /^erw.side view 

— '4i^^^side view . 

— — side view, much enlarged 

— — edge view, much enlarged 

— globosot side view . 

— marginata, side view 

— — end view, showing aperture . 

— melo .... 

— graciUima 

— — portion of shelUwall of same, more highly magnified, showing 

tubular structure . 

— striata, side view . 

— — end view, showing aperture 

— sulcata, side view 1 /^ .. , , , j • j \ 

_ side view ) ('^"^*°S towards L. striata) 

— •^''C££'^ side view (strong form) \,7^^.,v5 

— " — end view, showing aperture) 
A chamber of Nodosaria raphanistrum (a " derived *' fossil) 

— — end view 

Polijmnrphina gutta, side view 

— — side view 

— lacten, side view 

— gibba, side view 

— side view 

— — end view, showing aperture 

— complanafa, side view . 

— — end view, showing aperture 
- , -nor'X" comprcssa, side view . 
■ 3tmopff % i H» nodosaria, side view ^<i^i^ 

'' — — side view 

" — — end view, showing aperture 

" — — side view 

Polgmorphina Thouini, side view 

— cijinplanata, side view . 
Dimorphina u if ^ tyif d^, side view (short individual) <^'0f^ 
Polgmorphina froiidiformis, side view 

— — end view, showing aperture 

— problcma, side view 

— ^c«Agwrg»M, side view 
Dimorphina ift b ilrSsa s %\i\e view 
Polgmorphina variata, interior 

— — side view 

— frondiformis (small), side view var hnt6t^ 

tubulosa ^hhte f'crnui offfffikl>a 

— — portion of perforated septum 

— cowpressa (interior) 

— — radiated aperture 

— — simple aperture communicating between the chambers 

— — portion of shell-wall, showing its minute structure 
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Globigerina huUoides, upper surface 

— — lower surface 
Planorbulina MedUerrnnendsy upper surface 
Truncatulina lobatnla^ upper Burfftce 

— — edge view 

— — lower surface 

— /ttu/^cns lower surface 

— — edge view 

— — upper surface 
Planorbulina Unfferiana, bwet surfftce 

„ „ upper surface 

Biscorbina ParisiensiSj edge view 

— — lower surface 
„ , - cv/^TT "PPer surface 
talcarina ^ an^ m a^ upper surface . 

— '— upper surface (?) 

— — edge view 
Rotalia Beccarii, upper surface 

— — lower surface 

— — edge view 
PulvinuUn( /VSp % nS (s^j upper surface 

— '— lower surface . 

— *^—, ed^e view 

— |HfiS^gft « i upper surface 

— — lower surface 

— -11 edge view 

— Karsteniy upper surface 
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— — edge view 
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— — lower surface . 
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— -^ edge view 
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— — edge view 
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Xonionina LaUt ^ ai'tori c a ^ side view 

— -^ edge view . 
.bnphistegina vuh/aris, side view; a "derived'' fossil (?) 

— — side view 

— — edge view 
Operculina complanata, side view ; a "derived" fossil (?) 

Nummulina pt t mifaio; side view; a "derived" fossil (?) 

— — edge view 
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ra^ w e ff I hnd ' W m w i wr t t^ ^ side view . 
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Orbitoides Favjasii, side view ; a "derived'* fossil (?) 
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— end view 

— — thick variety 
de^tresHGj side view 
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** — — end view 
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— — end view 
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A MONOGRAPH 



OP THE 



BRITISH FOSSIL CORALS. 



SECOND SERIES. 



PREFACE. 



Twelve years have elapsed since MM. Milne-Edwards and Jules Haime completed 
their great * Monograph of the British Fossil Corals' for the Pakeontographical Society. 

During this period Greology and Palaeontology have been very carefully studied, 
with the aid of all the accessories of modern scientific research. Many strata which ^ad 
been considered almost unfossiliferous have been discovered to contain both known and 
unknown species, and those beds whiph yielded the specimens so admirably described and 
figured by the great French Zoophytologists have been successfully searched for others. 

The interest in the study of the Madbeporaria has been greatly increased since the 
publication of the ** Introduction" in the ' Monograph of the British Fossil Corals/ for the 
list and the description of the genera which it contained facilitated the diagnosis of species. 
In 1857 the authors of that '' Introduction " commenced a work which has remained the 
best and, in fact, the only text-book for the student of recent and fossil Corals. The 
* Histoire Naturelle des Coralliaires ' was completed in 1860, by Milne-Edwards, after the 
death of his able and amiable colleague, M. J. Haime. The anatomy, physiology, and 
classification of the Zoantharia are admirably given in this work, and the classification is, 
with slight modifications, adopted by all Zoophytologists. 

The distinguished authors modified many of their genera and introduced others, con- 
sequently the " Introduction" in the First Part of the * British Fossil Corals' is incomplete 
and behind the day. 

Many authors have added to the general knowledge of the comparative anatomy of 
recent Corals, and a few have given elaborate descriptions of fossil species ^ since the publi- 

' Beast, in his ' Beitrage znr Charakterifitik der Kreideschichten in den Ostalpen,' &c. De Fromentel, 
' Polypien Fossiles/ Lanbe, ' Corals of St. Cassian, in Die Fauna der Schichten von St. Cassian,' 1 Abtheil. 
Biicheiotti et Duchassaing, 'Mem. Acad. Turin/ 2nd series, vol. xix, p. 279, 1861. Seguenza, 'Disquisi- 
xioni Paleon. intorno di Corall. Foss. di Messina.' There are also memoirs on the West Indian, Australian, 
Sindiao, Maltese, and Javanese fossil Corals, by myself. 
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BRITISH FOSSIL CORALS. 

cation of the Monograph already alluded to, whilst the majority of Palffiontologiats have 
gradually learned to appreciate the value of the evidence afforded by Corals in many of 
the most important geological inquiries. 

MM. Milne-Edwards and Jnles Haime had not the advantages of the inspection of 
many collections made by private individuals and provincial Geological Societies, from 
the lower members of the Lias and from the Mountain -limestone; they had not an oppor- 
tunity of studying the Coral-fauna of Brockenhurst ; and time as well as some unintentional 
difficulties prevented their examining many of the most interesting forms from some of 
our Museums, 

It has been felt, moreover, that although the " Introduction '* in the First Part of the 
'Monograph on the British Fossil Corals' was a great advance on all that had been done 
before, still the absence of those anatomical details which were so elaborately given in the 
* Histoire Naturelle des CoraUiaires' rendered the Monograph of no very great practical 
value. 

No one could comprehend the minute details which distinguish species, by the study 
of the " Introduction '* alone, but a very superficial examination of the * Histoire Naturelle 
des Coralliaires * renders the anatomy of Corals, and the principles of their classification, 
easy of comprehension* 

It is of very little use having detailed descriptions of species unless the anatomy of 
the whole class to which they belong is understood, and the publications of a Society like 
this should be instructive as well as recording. 

A Supplement, or a Second Series, to the Monograph liy MM, Milne-Edwards and 
Jules Haime is thought to be required. It might introduce the anatomy and physiology 
of recent Corals, the new genera, with descriptions of new species, and it might embody 
a general scheme of classification. 

Following the plan adopted for the Brachiopoda in Mr Davidson's Monograph, the 
relation between the hard and soft parts of the Corals will be considered, and their anatomy 
will be explained as correctly and as briefly as is possible. The earlier pages of this Second 
Series will refer to the fossil Corals of the Tertiary and Secondary rocks, and the classification 
of the species found in them will be given at once * that of the Palaeozoic species will not 
be attempted until after the completion of the description of the Secondary Coral-fauna. 

Tliere will be some irregularity in the succession of the parts of the Second Series, for 
it is necessary to describe those large collections which can be had at once, and which 
might be scattered after a short period. Thus, the entirely new Coral-fauna of Brocken- 
hurst, and many new species from Bracklesham, Barton, and Sheppey, will appear first of 
all ; their description will be followed by that of the hitherto neglected Liassic Coral- 
fauna ; and the Cretaceous species will be then considered, or the Oolitic, if necessary. 

At the end of the description of the species from every formation, the forms already 
described by MM. Milne-Edwards and Jules Haime, or others, will be placed in a 
catalogue, and their last synonyms will be given, the name of the first describer of the 
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species being attached ; alterations in the generic names and specific determinations by 
the authors of the Monograph, subsequently to its completion, will be noticed, and also 
whatever fresh information may be requisite about previously described species. 

It is hoped that after the description of all the new species has been finished there 
will be an opportunity for noticing the geographical distribution of Corals, and the pecu- 
harities of the palaeontological evidence oflered by them. 

Note. — In writing this Supplement, or, as I have termed it, " Second Series," I am most anxious to 
acknowledge that the foundation of all my knowledge upon the anatomy, physiology, and classification of 
the Zoantharia was derived from the writings of MM. Milne-Edwards and Jules Haime. It will be found 
that the greater part of the following Introduction is taken, if not in exact words, still in ideas, from those 
writings ; and if any paleeontologist or naturalist should think that I have neglected other works, it may, 
perhaps, be an excuse, that it is right, in following such distinguished men as those who wrote the '^ First 
Series," to carry on their train of thought, and to choose the results of their labours in preference to 
those of others in compiling the " Second Series." 
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INTRODUCTION. 

I. — General Anatomy op Recent Corals.^ 

Madreporaria, or Sclerodermic Zoantharia. 

When a simple or solitary Coral is living in pure and well aerated sea- water its 
superficial soft tissues are noticed to form a disc, marked with a central depression and 
more or less covered by tentacules, as well as a covering to the general external surface.^ 

The disc is superior, and the other soft tissues are inferior to it.* 

The tentacles * surround the central mouth at varying distances ; and the mouth is 
capable of being elevated above the level of the disc by the protrusion of a conical 
process.* Certain ridges or radiating lines mark the sides of the mouth (the lips)^ and 
extend outwards amongst the tentacules to the margin of the disc. 

The margin of the disc gives origin to those soft tissues which are visible on the 
outside of the coral. 

"WTien any unusual stimulus is applied to the tentacules they contract, become smaller, 
and the conical mouth usually projects more than before.* If the irritating influence 
persists, the mouth is retracted, the disc sinks, the tentacules disappear, and finally the hard 
ports of the calice come into view, covered simply by the flaccid and transparent soft 
parts. At the same time much water escapes through openings at the end of the 
tentacules, and the tissues covering the outside appear to lose their colour. 

^ The Introdaction is illustrated by Plates I, II, III, IV, as well as by reference to some of the figures 
in those plates which refer more especially to species. 

, « Plate II, figs. 4, 9, 11, 12, 13, 16. » Plate II, figs. 12, 13, 16. • * Plate II, figs. 4, 9, 11. 

« Plate II, fig. 10. « Plate II, fig. 10. 
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3 BRITISH FOSSIL CORALS. 

The relation of the soft to the hard parts can then be well seen, and it will be at 
once comprehended that there is a correspondence between the disc and the star-like 
upper opening of tlie hard parts, which is called the calice} 

On examining a dried coral, or a well-preserved fossil speeimcn, certain plates will be 
seen projecting inwards from the edge of the calice like the spokes of a wheel ; these are 
the sejj/a^' and each is nsnally composed of two iami/iee^ but their tinion is so exact that 
it often requires microscopic sections for its determination. 

On the edge of the calice, and running down the outside of the coral^ are some 
projections, not so long as the septa, but corresponding generally with them, which are 
called eosfi^^ 

The rim or edge of the calice, although it appears to be made up to a great extent by 
the bases of the scyj/a and costiVt still presents a structure which unites their bases 
laterally ; or, in other words, if the septa and costae were all planed off, there would remain 
a more or less cup-shaped structure, called the i&eca or wall^ 

The wall determines the shape of the coral; and it may be even horizontal, or more 
or less turbinate, cup-shaped, &c. The lowest part of the wall is called the ime of the 
coral, and it may be broad or pedunculated. 

The outside of the base, and more or less of the outside of the coral, are occasionally 
covered by a calcai'eous investment, which results from a soft tisaue« called by Dana 
"foot-secretion/' 

The inside of the base forms the floor of a cavity, whose superior tennination is the 
calice. This cavity is divided off by the septa, and its axis is usually filled up by a 
stnicturc called the colmneUay^ which, in trans vci'se sections of corals^ occupies the 
relative position of the a\le to the spokes and tire of a wheel. The upper end of the 
columella is free, and usually forms centrally the bottom of the calice. 

In some corals ^ there are thin processes, which are more or less oblique or even 
horizontal in their direction ; they are situated between the septa^ and they separate the 
cavity into compaitments, the upper or calicular being the newest- In other forms these 
dissepiments [dis^epimenta) are nearly vertical ; and in one great series they simply connect 
the septa laterally, without dividing or restricting the cavity. These latter processes are 
called synapliQui^s? Horizontal dissepiments arc termed tabuliB. 

There are corresponding processes between the costal in many corals, and they are 
often so fully developed as to project beyond and over them. The processes whicb are 
inside the wall and between the septa compose the endotheca^ whilst those without the 
wall and in relation to the costae are termed exothecaJ 

The " foot-secretion " is an epitheca}^ 

1 Plate II, fig. 11. 2 Plate I, figs. 1, 3, 14, 18- » Plate I, figs. 2, 7, 11. 

* Plate I, figs. 3, 4, 14, 15, 17, 18. ^ Plate I, figs. 5, 6, 8, 10, 12, 14, 18. « Plate I, figs. 15, 13, Id. 

7 PUte III, figs. 1, 2. « Plate I, figt. 13, 15, 18. » Plate I, figs. II, 18. 
10 Plate I, fig. 10. 
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On looking into a calice and down the internal cavity the vacant spots between the 
septa become apparent; these are the interseptal loculi; they are restricted in depth 
when dissepiments exist, and extend from the bottom to the calice when there is no 
endotheca.^ 

The septa vary in size, and may or may not reach from the wall to the columella, and 
all the space left between them, restricted or not by dissepiments or tabula^ (horizontal 
dissepiments), forms in living corals part of the visceral cavity. When there is no 
columella there is a central space, into which the interseptal loculi open ; the visceral 
cavity is then all the larger, but the depth of its inferior boundary always depends 
upon the existence of the endotheca. The septa are frequently raised in an 
arched form * above the level of the top of the wall (theca) ; and a line carried 
across their tops over the calice would bound a cavity whose base is the top of the 
columella and the internal ends of the septa. This cavity is the calicular fossa; 
the interseptal loculi open into it, and it is very variable in size and depth. When 
the columella is very prominent the calicular fossa is all the more restricted in depth ; 
but when the wall is high, the columella absent, and the septa not exsert, the fossa is 
deeper. 

It will now be evident that the hard parts of a coral form the boundaries to a 
system of cavities (the interseptal loculi), and to the calicular fossa, into which they 
open. 

The disc, in living corals, elevated very slightly above the tips of the septa, closes 
the calicular fossa above, and opens into it over the columella, so that when the mouth 
is widely open the markings on the free surface of this structure can be seen faintly 
covered by the tissue which lines all the hard parts of the coral above the newest 
dissepiment or the base, as the case may be. 

The septa, dissepiments, and the columella, being covered with a soft tissue, which 
is continuous with the margin of the disc, it is evident that there is a cavity in the soft 
parts of the coral which corresponds with that already mentioned as being within the 
calcareous portion. 

Thus, the interseptal locuUy calicular fossa, and the space between the tops 
of the septa and the disc, all lined by continuous soft tissue, form the whole visceral 
cavity. 

The mouth, seen on the upper surface of the disc, opens into a short stomach, which 
in its turn opens into the visceral cavity by means of a pyloric orifice situated above the 
level of the top of the columella (or junction of the inner ends of the septa when there is 
no columella). 

The stomach is an inversion of the membranes of the disc, is tubular, ridged longi- 

1 Plate I, figs. 5, 14. 2 pi^te III, figs. 9, 1 1, 16. » Plate I, figs. 4, 14, 15. 



tudinally, and very short. It is bounded above by the lips with their ridges/ below V 
the pyloric constriction, and its outside is free in the visceral cavity, ^ 

The ridges cori'espond with mesenteric folds^ which are attached to the under surface 
of the disc and to the outer or viscenil surface of the stomach. Where the mesenteric fold 
are attached to the lower margin of the stomach (the pj/Ioric constriction), some tubula 
profonjatiom^ arise which float in the visceral cavity. There is an intimate relatioi 
between the mesenteric folds, the septa, the interseptal loculi, and the tentacnles. Thes< 
last open inferiorly into the visceral cavity between the mesenteric folds ; and, being hollo? 
and also perforated at their free extremity, they connect the visceral cavity with tb 
outside. The septa are developed betw^eeu the mesenteric folds, and correspond with th< 
mibtentaenlar spacea^ 

There are, in some species, processes wdiich are internal and accessory to certain septa 
they arise from tlie base internally, and pass upwards in the form of thin plates, and a« 
attached to the columella. These are theju^/i\^ ^ 

The costge and the exotheca are covered by, and^ like all the other hard pm*tSj art 
developed by, soft tissues, ^1 

The coloration of the soft tissues is very varied and beautifol ; they are, of coutOT- 
not preserved in the fossil state, but they occasionally leave behind tiiem the chemical 
proofs of their former existence* 

The soft tissues are — 

1. The disc and its accessories. 

2. Membranes of the visceral cavity, 

3. Stomach- 

4. External membranes. 

The disc supports the tentacules and forms the lips. The external membrane covering 
the costa3 arises from its external margin. It is marked by radiating ridges. 

The membranes of the visceral cavity line the interseptal loculi, and cover the septa^ 
wall, pali, and columella; they form also the mesenteric folds and the tubular processes. 

The stomach, formed by membranes continuous above with those of the disc and below 
with those of the visceral cavity, is bounded above by the mouth with its lips, w^hich are 
capable of being extended above the level of the disc. 

The foot-secretion or ejniheca has its especial membrane. 

The membranes or tissues of these cavities of the disc and tentacules consist of three 
layers. 

The Sclerenchyma, skeleton, or calcareous polypary — the hard parts, as they may be more 
simply called — consist of the wall or thecay septa, costa, columella, pali, endotheca, exotheca, 
and epitheca, 

1 Plate II, figs. 11, 13. 2 Plate II, fig. 2. 3 pi^te I, figs. 8, 9, 10, 14, 18. 
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The base, sides, calice, calicular edge or margin, are self-explanative terms. The 
terms calicular fossa, and interseptal loculi, have been noticed. 

These are the usual structures observed, and they are modified in every way to 
x>xoduce the various shapes of corals. 

The word cordlum is used to individual corals when solitary in their growth ; but 
-vij^lien aggregated to form a compound mass each individual of the mass is called a 
^^^raUitey the aggregation retaining the name of corallum. 

The corallites of a compound corallum may be united together by the fusion of their 

^v^ fills, no costae existing, or they may be united by a great development of the costae and 

-time exothecal dissepiments. Sometimes the exotheca is so developed as to form a very 

distinct tissue between the corallites; it is then more or less cellular, and is termed 

ct^^^^iencliyma and perit/ieca. 

Some simple and many compound corals extend by a process of lateral calicular 
gx-owth, so that there is not a circular or ovoid calice, but a long, and often gyrate asseni- 
l>l«fcf e of septa ; such a calice is called "serial." The shape of compound corals is deter- 
mined, to a great extent, by their method of gemmation} and by the existence of 
fS^^^^arotia^ and serial^ calices. 



i 



11. — Anatomy of the Sclerenchymatous Structures. 

^^'^icCy Wally Septay Pali^ Columella, Costce, Endotheca, Exotheca^ Epitheca, Peritlieca, 

Ccenenchyma. 

Calice. — The upper and open extremity of a corallum is called its calice.^ Its outline 

^ ^c>Traed by the upper or marginal part of the ically and is very various in its form. The 

*^T>orior boundary is determined by the greater or less exsertness of the septa^ and its 

^Pth by the greater or less prominence of the structures forming the floor of the 

The periphery of the calice is called its margin, and its floor is formed by the septa, 
^^ interloculi, the top of the columella, and, when that structure does not exist, by the 
*^ial space. 

Every variety of form may be noticed in the outlines of calices ; they may be circular, 
curcvilar and slightly compressed, oval, elliptical, elliptical and slightly angular at the end 
^^ tlxe long axis, ovoid and compressed from side to side, ovoid at one end, linear or leaf- 

^ Plate III, fig. 15 ; Plate IV, figs. 10, 11, 17, 18. 

^ Plate IV, figs. 12, 13. s Plate IV, figs. 14, 15. 

* Plate I, figs. 1, 11, 6 ; Plate II, figs. 11, 13, 14 ; Plate III, figs. 15, 17, 18, 19, 20 ; Plate IV, figs. 
^ 11,12. 
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shaped, wavy in their outline, nipped in centrally or in the figure of eight, more or leas] 
square, pentagonal, hexagonal, polygonal, polygonal and elongated, linear or senal, ser- 
pentine, &c, I 

The margin is not always on the same plane throughout. It may be ridged, so as 
form an ornamental series of projecting angles; the plane of the minor axis may be muclil 
higher than that of the major, and vice vemt In comis \^4iicli are simple and horizont 
the wall is covered completely by the calice, and the septa are necessarily very exsert- 

The callce may be prominent, and even placed at the end of a conCj or may be 
depressed below tlie surface, as in many compound corals. Calices may be distant 
connected together by their walls, or they may form series by a succession of i^lic 
rtmning one into the other in a linear or radiating direction. 

The opening of the calice may be very wide and everted or contracted and invertad j 
the ailice may be deep, shallow, wide, narrow, and widely open ; its margin may 
broad, flat, or narrow, and sharp y moreover, it may be below or above the bend of the 
top of the septa. Deformed calices are produced hy the pressui-e incident to the growth] 
of crowded corallites in a compound corallum, and a great number of calices are more or 
less altered in outline by the phenomena of fissi parous and caUcinal reprodnction. 

The caHces vary in size on different parts of the same corallum. 

In some genera one half of the calicular margin may be lip-shaped or more elevated 
than the other, and in a few the distinction between the calicular fossa and the gencr 
surface is by no means easy. 

WaU, — The wall gives support to the costaj externally and to the septa internally, and 
it can be seen in the most complicated corals between the costae at the bottom of the 
intercostal spaces and between the septa, where it bounds externally the septal intcrloculi. 
It determines the shape of tlie corallum and the amount of its solidity ; moreover, it has 
intimate relations with the columella and endotheca, as well as mth the exotheca. 

The hardness and thickness of some walls ^ is as remarkable as the porosit;-, reticulate 
character, and fragility of others, and the so-called perforate^ condition of the last is always 
noticed in an important sectioji of the Mudreporaria^ Every possible variety of thickness 
and soHdity may be noticed, as well as of fragility, thinness, and porosity; moreover, 
these opposite conditions are brought together by the existence of perforations in compara- 
tively solid walls. 

Usually the wall is a very prominent feature in the corallum ;' but it may become so 
united to exothecal structures or.to thecoenenchymaastobe indistinguishable from them; 
and in some large simple corals, where the epitheca is strongly developed, the wall is 
either rudimentary or has become absorbed/ In these species the coral is kept together 
by the enormous development of the dissepiments or tabulae. 

1 Plate I, figs. 3, 14. 2 piate III, figs. 3, 4 ; PUte IV, fig. 18. 3 Plate I, figs. 3, 14. 

* Plate IV, fig. 6. 
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Some simple forms have walls which are moderately stout superiorly and excessively 
thick and hard inferiorly, so as to encroach on the visceral cavity ; this filling up of the 
lower part of the corallites is observed in some compoimd corals. . It is very evident that 
the thickness and the hardness of the wall are determined by the nutrition of the coral ; 
but no defect in this will produce the perforate condition. 

Two series of wall-shapes are noticed, — one more or less horizontal and the other 
ranging from a shallow cup to a long cylinder in shape ; the square, polygonal, and com- 
pressed outlines of some walls are either the result of pressiu^e or are characteristic of the 
species. 

The horizontal wall produces shallow, disc-shaped corals; the septa arise from its 
upper and the costae from its lower surface. In some species the under surface is concave, 
so that the cup-shape is seen reversed. 

The second and commonest form may be slightly horizontal at first, and with growth 
the edges turn up and enclose the cali(iilar cavity ; then any height, width, and contortion 
may result; the turbinate, subturbintite, conical, conico-cylindrical, tubular, and other 
forms, may thus arise. 

The wall forms the most important part in some corals, but only a secondary in others ; 
it may be uncovered externally by costae or by epitheca, or it may be in such close 
contact with neighbouring walls, in compound corals, as to become fused J The upper 
termination or margin of the wall is very visible when the septa are not exsert ; and in 
compound corals, when the walls have become united, this margin may be sharp or broad, 
and variously marked. Usually the walls of neighbouring corallites (not fused together) 
are separated by a dense tissue, which is ornamented superiorly, and often traversed by 
costse. 

The wall occasionally gives out processes, and is often marked by growth-rings, con- 
strictions, and ridges. It is rarely symmetrical; for most simple corals are curved, 
twisted, or more or less compressed ; and this is equally true as. regards the compound. 
The base of the wall is often attached to foreign substances, and may be broad, even 
concave from rupture, or very delicate and pedunculate. The epitheca, where it exists, 
is generally more strongly developed over the base ; the inner base is the floor of the 
visceral cavity. 

Septa. — ^The septa have been already noticed in a general manner ; and it has been 
mentioned that they are developed between the mesenteric folds, and that they are 
localized in the intermesenteric or subtentacular spaces. 

The number of tentacules has a direct ratio to that of the septa and pali. 

The septa, in their simplest condition, are spiniform agglomerations of nodules, pro- 
jecting slightly into the calice from the wall,* and there is every imaginable variety 

1 Plate III, figs. 3—16 ; Plftte IV, fig. 11. ^ pjate III, fi^%, 5, 6. 




8 BRITISH FOSSIL CORALS. 

of structure between these and the highly developed septa of some Tcrtiarj corals, where 
the laminae composing the septa are distiuct, verj* long, broad, and imperfarate, very 
much arched and exsert, beaiitifulljr dentate on their free upper margin^ and magnificently 
ornamented with granules in regular series.^ 

The number of septa in a calice varies in many species, and there is great diversity 
in their arrangement The number and arrangement of the septa differ accortUng to tlie 
age and development of the individuftl^ to a certain extent. Many species have six septa, 
never more and never less; othei"s have a second series, and a new septum is introduced 
between each of the old- Thus twelve septa and no more are found in a species of 
Alveopora. (Plate III, fig. 6-) 

The six septa which appear first of all, are termed the primary, and they constitute a 
cycle or order ; the next six, which are developed between the primary, are termed the , 
secondary, and constitute a second cycle. 'Ihe J/vcqpara has, theUj two cycles of septa, or 
six primary and six secondary. In very many species other septa are developed, which 
are always found regularly distributed, one occupying each intLrseptal loculus. That is 
to say, in every interseptal loculus between the original primary and the after-coming 
secondary septum a third arises from the walL There are, therefore, twelve of these 
tertiary septa, and the twelve form the fAird cycle or order. The three cj^cles, first » 
second, and third, combined, form twenty-four septa** That is to say, between two primary 
septa there is one secondary and two tertiary i^epta. These septa between the two primary 
constitute a system; and when the primary septa arc six in number there arc six systems. 
If tbere be twelve septa, there are sLx systems of two cycles ; and if there be twenty-four^ 
there are three cycles in six systems. 

There are interlocular spaces between the first septa and the tertiary, and between 
the tertiary and the secondary ; any more septa must be developed one by one in these 
spaces. The additional septa are^^ in factj developed in the space which intervenes between 
the first and the third septa, and simidtanconsly others come in between the second and 
the third septa, so that in each system four more septa arise. Those between the primary 
and tertiary constitute the/o//r//* order of the fourth cycle ^ and those between the secon- 
dary and the tertiary the fffh order of thci fourth cycle. The septa arise simultaneously 
in all the systems in this manner.® 

The number of the septa in the last instance is forty-eight, or five orders of four 
cycles in six systems. Each system contains the following orders : 

1st. 4th. 3rd. .5th. 2nd. 5th. 3rd. 4th— 1st. 

"■^ ~. "" 8 " ' 

Any other septa are introduced between the primary and the fourth septa, then 
1 Plate I, fig. 15. * Plate IX, fi^. 5, 6. » piate V, figs. 3, 4, 9. 
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between the secondary and the fifth; then others between the third and foorth 
and third and fifth. This regular cyclical arrangement multiplies the septa rapidly 
and regularly, and determines the symmetry of the calice and of the tentacular 
disc. When the fifth cycle is complete, there are ninety-six septa, or sixteen in each 
system.' 

When six cycles are developed, no less than 192 septa result; and seven cycles, when 
perfect, produce 884. 

It is rare for these higher cycles to be complete and the septa are aborted in many of 
the interlocular spaces. 

The primary septa are usually larger, more exsert, and extend further inwards than 
the others ; but, as the cycles become complicated, the secondary and even the tertiary septa 
often resemble the primary. Nevertheless, in the majority of instances, it is easy to 
determine the orders of the septa. The development of six systems of septa is seen in 
the majority of corals, but there are some very curious and important exceptions to its 
universality. Some species have four, five, eight or ten systems, and a corresponding 
number of large or primary septa. Moreover, monstrosities often occur, and produce an 
extra system, with a normal cyclical arrangement. 

The pentameral, octomeral, and decemeral' arrangements are accounted for either 
by the abortion or dupUcation of a system or by their being natural and normal 
types. 

The palaeozoic corals belong generally to species in which there are four primary 
septa, or in which vacant spaces produced by aborted large septa are counted with the 
other large septa. But even this generalization is not free from great exceptions, and 
there are many genera where no trace of the quaternary septal arrangement is to be 
made out. 

It must be acknowledged that septa do not always exist, and in the genus Jwopora 
there is a proof of this.' 

The septa thus elaborated as regards their succession and number present many 
peculiarities in their direction, size, length, breadth, height, exsertness, ornamentation, and 
in the structure of their lamellae and margins. They usually pass dkectly inwards from 
the wall towards the columella or the centre of the calicular fossa and middle of the 
visceral cavity ; occasionally they vary in this course ; and it is by no means uncommon 
for the smaller septa to turn towards and even to join their larger neighbours. In calices 
where there is fissiparous growth, or the development termed serial, the septa pass inwards 
almost at right angles to the wall. 

1 Plate V, fig. 16. 

2 De Fromeiitel, ' Introdnct. Polyp. Fo89./ may be consulted concerning these nnusnal types ; and sie 
my " Memoirs on Maltese and Australian Tertiary Corals," ' Ann. Nat. Hist.,' Sept., 1865. 

8 Plate Vjl. figs. 11, 12, 13, 14. 
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There is cveiy possible variety in the size of the septa ; but, as has already been 
mentioned, the primary are the lai^t, and the members of the higher orders the 
.smallest. 

The same observation holds good, as a general rule, with regard to the height. The 
exsertness of septa varies greatly ; some are arched and extend far higher than the top of 
the wall, and others do not extend upwards above the wall at all. The longer septa in 
some species meet and are twisted centrally, whilst those of the higher orders only just 
project within the calice. 

The breadth of the septa depends very much on the habit and size of the corallum ; 
the bi-laminate arrangement is very distinct in some species, whilst in others it cannot be 
seen, and the septa are thin, delicate, and very fragile. The genus Basmia has a tri- 
plated arrangement of the septa. 

The thickness of the septa varies in corals of the same genus, and it becomes of some 
importance in a diagnostic sense. 

Usually all the septa are thickest at their origin from the wall, they then thin oflf 
towards their inner edge, but very often there is an increase of their bulk near the 
columella and midway. 

The ornamentation consists of ridges, papillse, spines, and granules, which are variously 
arranged in radiating, parallel, or irregular series. 

The structure of the laminae diflfers in many species. The laminae may be dense and 
imperforate, or more or less perforate generally or only in certain parts. In some corals the 
septa are mere spiny processes, in others they are spongy in appearance, and in the other 
extreme they are very dense and solid. 

The upper or superior margin of the septa is free, and the inner margin or end is 
towards the columella or long axis of the corallum. The upper margin may be smooth 
or incised, lobed or entire, granular or largely dentate, serrate and spined ; it may 
be arched, or may be directed downwards and inwards, and it may be enlarged at any 
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Pali. — ^The pali^ are the small processes which exist between certain septa and the 
columella. They generally arise fix)m the base of the visceral cavity, or close to it, 
and pass upwards, united by one edge to the columella, and by the other to the 
inner end or margin of the septa. When there is no columella they are adherent to 
the septa, present a free edge to the cavity in the axis of the corallum, and arise with the 
septa. 

The upper or free margin of the pali is usually lobed, and is thicker than the end of 
the septum to which it corresponds ; it may project higher than the end of the septum, and 
may form a very marked feature in the caUcular fossa. 

The sides are more or less broad, and are usually ornamented differently to the septa. 

The inner and outer edges are united to the septa and columella, either by processes 
or by a perfect fusion. 

The number and size of the pali vary in different species. The pali may exist before 
(or rather internally to) one or several orders of septa, and they are then said to form one 
or more crowns. 

The development of the pali has often, but not invariably, a very singular relation to 
that of certain septa. Thus, when there is but one row or crown of pali ' they are placed 
at the inner edge of the penultimate septa ; and when there are two rows, or crowns, they 
may be seen at the inner edge of the penultimate and antepenultimate cycles of septa. In 
some corals with numerous septa pali are found in contact with all the septa, except those 
which have been developed the last — the last cycle. In others the pali are found in 
relation to all the cycles. One genus has the pali attached to all the septa except those 
of the cycle which precedes the last, and a genus well marked in the West Indian fossil 
coral-fauna has no pali before the principal septa, but they exist before the penultimate 
and antepenultimate cycles. 

There is a curious relation between the perfection of the septal development and the 
presence of pali. Milne-Edwards and J. Haime have proved that, if in one half of a 
system the cycles of septa are not complete, there is a corresponding absence of pali j thus, 
a coral with four cycles may have pali before the secondary and tertiary septa ; but if one 
or both of the orders of the fourth cycle are wanting in one half of a system there would 
be no palulus before the tertiary septum of that half-system. 

When there is a columella the appearance of the pali is generally very distinct, at the 
same time they may be confounded with its papillae ; but when the calice has been worn 
away, the attachment of the pali to the columella is often so distinct that they may be mis- 
taken for the ends of large septa. 

The large spines on the inner end of some septa, or some enlargement of the lanodnae 
at that spot, may be mistaken for pali, and the terms paliform tooth and swelling are very 



\ 



1 Plate I, figs. 8, 9, 10, 14, 18. 

^ For an exception, see pali in Forites panicea, Lons. 
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commonly met with. In the genus Acervularia the distinguieliing of so-called {mlifomil 
lobes or enlargements and teeth is aafficiently difficult* 
The number of genera without pah is very considerable^ 

Columella. — ^This structure is in the axis of the corah ^d may be noticed in the 
centre of the calice or of transverse sections of corallites, v^hilat in longitudinal 
sections it is to be seen passing from the base upwards, having the pali or septa on 
either side.' 

The columella is not invariably present, but in some species it forms the most important 
part of the c^ilicular apparatus.* The most highly developed columellae spring from tb 
centre of the base of the young corallum, increase in height with the growth of the septa^ 
and always appear as prominent organs in the calice. These columellas grow iiide-. 
pendently of the septa, and are not formed by their internal and free tenniuations. For thii 
reason they are called *^ ementicd*^ or ^^ propria ;'* they generally assuoie the styliform, 
the fasciculate, or the lamellar character, and may or may not have pah attached to 
them,* 

The second kind of columella is termed " septal,^* and is produced by the inner endf 
of the septa dividing into longitudinal ''poutrelles." They have a fascicular arrangement* 
These "septal" columellae are rare, and may, for all practical purposes, be consideredl 
with the next kind. 

The third kind of columella is formed by the septa dividing into numerous processes 
before they approach closely ; the processes unite centrally, and throw out lateral growths 
80 that a more or less dense, spongy, or cellular structure results. This columella ia 
termed parietal^ and may be very highly developed or may be rudimentary. In the 
latter instance the columella may only be recognised by a slight bifurcation of the inner 
ends of the septa, with a sparely developed cross tissue. 

False columdl^B are formed by the soldering together of the inner ends of two or more 
septa, by the twisting of the inner ends of several septa, and by the presence of endotheca 
close to the septal inner margin. 

Rudimentary columella are often observed, which cannot be classified with any of the 
above ; they may be formed by a lateral junction of the inner ends of the larger septa, by 
processes connecting them, and by the inner ends becoming clubbed in outline, and more 
or less irregular in their direction. 

There are many modifications of these varieties of columellse, but their division into 
essential, septal, parietal, and false, is of great practical value, and they can always be dis- 
tinguished ynth care. The calicular terminations of the columellae vary in size, projection, 
outline, and arrangement. 

1 Plate I, figs. 5, 6, 10, 18. » Plate VU, %1^ 

» Plate I, figR. 5, 6, 8, 10, 12 ; Plate IX, figs. 3, 6, 10. ' 
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Amongst essential columellse the styliform may end in a cylindrical and pointed 
process, or in a more or less compressed and blunt, which may project even higher than 
the septa, or in a btdbous termination marked by ridges corresponding with large septa; 
or the organ may be angular in transverse outline, and project but slightly above the 
bottom of the calicular fossa. The styliform columellas may be studied in the genera 
Turbinolid,* Synhelia, Sfjlophdtay Axomilia^ Sfyloamilia, Slylinay Holocoenia, Stylocosnia^ 
AstrocoBniUy StepKdnocceiiia, Holocystes, Cydthoxokiay Syringophyllumy and PhiUip8' 
aatraa.^ They are nearly solid, spring from the base, and may or may not be attached by 
processes to the septa. Ve¥y visible in well-preserved specimens, these columellas are 
readily destroyed by rolling, and cannot th6n be distinguished except by sections. In 
many species, "espebifilly in the AstrociBnia, the columella appears to be very large in 
certain fossil conditions; but this app^arande arisds from i mechanical adhesion of calca- 
reous particles' to the outside of the coluruella dnd between the inner ends of the septa. 
There are eiampfes of styliform coluraellae' (Plate IX, figs. 3, 6, tO). 

The lamellaf foriH t>f essfential columella "(Plate I, fig. 6 /Plate IV, fig. 14) may occur 
in circular, elliptical, or in elongated calices. It is seen as a sharp edge, generally 
at the bottom of the caUcular fossa, and may be in contact both with septa and pali. Its 
sides are occa^iodtdly drnamefiteSd with 'grah^ * In the genus Madrepbra, and in some 
species of Solenaatraa this lamellar columella does not really exist, but id simulated either 
by the' jurictiori" of opposite septa or by the irregular development of neighbouring septal 
ends. The true lamellar columella is not foritied by 8epta,'but springs ftom the base of the 
coralliim. -. - - • * ^ 

The fasciculai^colunlena is a very complicateii oirgari. In its simplest form it is a 
bundle> of tods coalesced laterally, adheffent below, and rorinded at the free calicular 
surface. ' " - 

This structure is well seen in the genus Axopora (Plate VII, fig. 14), and in an Austra- 
lian fossil, the ConosmUia anomald^ (nobis). Here are two riband-shaped processes arising 
from the basei aiid projecting ?ii the cialicula fbssS; each is simply twisted five or six 
times, so that the riband's edg6 takes on a spiral form ; this is the simplest form of the 
common fascicular columella, and in Plate I, fig. 13, several processes, really riband- 
shaped, but much twisted, are seen in lateral contact, the whole forming the columella. 
The number of the processes varies in different species, and it is tolerably constant in 
certain forms ; the processes, were thfey untwisted, would form a number of flattened and 
lamellar columellae in lateral apposition. The septa and pali do not contribute to their 
formation. The caUcular su|^ace of the fascicular columellae may be papillary, or even 
twisted ; and it most frequently resembles the arrangement of the central portions of the 
flowers of certain Compositse ; hence the term " chicorace,'* which is most significant and 
•explanatory of the appearance of the caUcular surface of the columella in the genus 
CaryophyUia. 

1 * Ann. Mag. Nat. Hist.,* ser. 3, vol. xvi, pi. viii, fig. Ae, 
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The septal colamellse may be mistaken for the fascicular and essential ; but a longitu 
dinal section will show that the inner edges of the septa forms the organ, and that it does 
not arise from the base. 

The parietal coluraellse are very common, and their structure is illustrated (Plate IV, 
% 13; Plate VII, fig. 9). 

The calicular surface of the columella may be prominent or depressed, papillary or 
spongy ; and the organ may be very dense or consist of very lax tissue. 

The columellse of the following genera may be studied with regard to this variety: — 
ParcminUa, EuBmilia, Dendrosniilia, Lithopkyllia, Circop&tfllia, BhabdophyUia, Mceundnnat 
Manicina, Diploria^ Ileiiastr^a, SolenaMrma, &c. 

As a general rule, when pali exist, they are in close contact with the columella, and 
as they spring from the base they often look like lateral processes of essential columellae. 
It will be observed, in the descriptions of living corals, that the columella fills up much of 
the visceral cavity, and is developed by the inner layer of the soft tissues. Playing a very 
important part in the economy, and being in relation both with the septa and pali, the 
columellEB are structures wtwse variations in form are of generic import. 

CosiiB. — The costae may be considered iu a general sense to be the continuations of 
the septa beyond the wall,^ I 

In some TiirbimUce the continuity between the costse and the exsert septa is very 
evident, and both of the structures are much higher than the upper margin of the walL' 
But it is vary probable that this exsert condition of the se[)ta and costae is to be referred 
to the corallum having attained its full development as regards height; the further up- 
ward growth of the wall was arreatedj and only the combined costo- septal apparatus 
grew on. For when the costae of the same specimens are broken off low dow^n, it is 
tolerably evident that the wall intervened between their bases and those of the corre- 
sponding septa. 

It would appear that the costse and septa are not developed by the same parts 
of the soft tissues except when they are exsert and above the wall; and the want 
of correspondence between the septa and costse about to be mentioned is in consequence 
of this. 

It is probably quite correct to give the costse an origin independent of the septa^ and 
to assert that they are frequently separated by the thickness of the wall from the septal 
laminae. 

The costse are developed by the inner layer of the tissue which covers the wall 
externally, and the outer surface of the wall and the exothecal structures are also formed 
by it. The costae follow, as a rule, the cyclical development of the septa, and are called 
primary, secondary, &c. 

1 Plate I, figs. 2, 6, 7, 11, 15, 18. « Plate I, figs. 6, 14, 15, 18. 
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All the varieties of length, thickness, porosity, solidity, and ornamentation, observed 
on the septa are represented in the costal structures. As a rule, the costse are shorter 
than the septa in transverse section, but there are many exceptions to it, and it is very 
common to find a rudimentary septum of a high cycle with a corresponding well-developed 
costa.^ The projection of the costse from the wall and the size of the space between 
them (intercostal space) vary greatly; in some species the costae are close and form 
simple prominent ridges, whilst in others they are wide apart, project greatly, and may be 
covered with great spines, dentations, or serrations. The greater projection of certain 
costse, the ornamentation of others, and their correspondence with the cyclical arrange- 
ment of the septa, are readily studied in different^species. 

The costae do not always project at right angles from the wall, and those that are 
very long often curve and twist. Whatever may be their form or length, they have sides 
and a free surface. The sides of neighbouring costae are frequently joined by the 
dissepiments of the exotheca, or they may be simply marked by dissepiments which do 
not stretch across the intercostal space.* The sides are often spined or granulated, and 
are even perforated in certain species. The variety in the ornamentation of the diflferent 
cycles of costae in the same individual is very interesting, and its study is of great use 
as a secondary method of specific diagnosis. 

In many compound corals the costae of one corallite run into and join those of the 
neighbouring corallites,' whilst in others, where the walls are fused,* the costae abort 
altogether. There are many species where the costae are simply rows of granules ; in 
others the rows of granules'^ become lines of slight elevation, and finally well-developed 
costae. The reverse occurs, and well-developed costae on the outside of a calice often 
become granular or even become aborted on the wall.* 

The exothecal dissepiments extend beyond the costae in some instances, and, as a rale, 
the costae are then feebly developed.^ The following are some of the most important 
variations in the structure of costae. They may be absent or rudimentary, and they may 
arise on the corallum at various heights from the base. They may be recognised under 
the following aspects: — Small, large, finely granulated, indistinct, generally indistinct 
inferiorly, prominent, prominent near the calice only, prominent inferiorly, sub-equal, 
equal, alteraately large and small. As faint ridges, as striae, moniliform, very thin, per- 
forate, wedge-shaped, flexuous, broad, flat ; formed by a series of globules, spines, and 
granules ; wide apart, close, rounded, cristaeform, tubercular, largely spined, dentate, alae- 
form, crenulated, striated, verracose, folded in zigzag, echinulate, long, dichotomous, 
inclined, &c. 

The costae do not invariably correspond to septa, and are not constantly continuous 

1 Plate IX, fig. 11. 2 Plate IX, fig. 7. 

* See • Descriptions of the " Thamnastram'' in ' Brit. Foss. Corals,' MM. Milne-Edwards and J. 
Haime. * Plate IV, fig. 11. 

* Plate V, fig. 6. « Plate I, fig. 4. ^ pi^e V, fig. 2. 
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with them. It will be noticed that in some species of Cyathophyllida, and in many 
Tertiary^ simple corals, that the external edges of the septa correspond with the intervals , 
between the costse, and not with those organs themselves. This is not an accidentali 
variation in growth, but is constant in several species. • J^ 

In some species there are small costse which do not correspond to any septa ; the * 
large costae are continuous with. septa;, but the^e so-called rudimentary costse simply 
project externally, and correspond internally with an interseptal space.' 

In some corals the epitheca,.whilst covering the costae and hiding them from view, 
appears to have produced their partial absorption, for above the limit of the epithecal 
structures the costae may be seen to be. prominent and to be greatly ornamented.' It 
may be inferred that in young specimens whose epitheca is not fully developed the costae 
would command more^ attention in the specific diagnosis than, is proper, and this has 
taken place in more than one instance.. The costae may, however, retain all their orna- 
mentation when covered by a very dense and membraniform epitheca, and this peculiarity 
is generally constant. Occ^isi.Qually the long spines on the costae of some Lithophyllace4B 
project through the epitheca, but in the majority of instances they .are included. It is 
evident that the costae were ^jiell developed before they were covered by the epitheca. 

The more prominent the costae, the more they are exposed to the destructive influences 
of rolling and of we^r and tear ; . it happens, therefore, that the large cristaeform costae, the 
long delicate spines on their edges, and the finely granulated dentations, are rarely dis- 
tinguishable in many foj^sil species, and thedr former existen^ce caa.only be suggested in 
consequence of scars and raggedness on the surface, or by the preservation of an ornament 
here and there. 

In examining the costal structures the specimen should ba placed in several 
positions and in different lights, for small structural peculiarities are often hidden in the 
shadows. ... 
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The endothecal dissepiments, greatly developed in some genera,^ are either rudimentary 
or quite absent in others ;' they are nearly horizontal, inclined and nearly vertical in 
different species, and they may be concave or convex upwards ; moreover, they may either 
be very numerous in each interlocular space or but one or two only may exist. 

As a rule, there is no exact correspondence in all the interloculi as regards the dis- 
tance of the last dissepiment from the upper septal margin. In some species the distance 
is considerable, whilst in others the dissepiments fill in the interloculi close up to the 
bottom of the calicular base. 

The dissepiment is attached to the septum on either side of the interlocular space 
and to the inside of the wall. Its inner edge is either free or joins another dissepi- 
ment, which, not reaching the wall, is carried inward in its growing course, and so with 
other dissepiments in succession. It results that, according to the convexity and size of 
the dissepiments, they produce more or less cellular or vesictdar divisions^ in the interloculi. 

The dissepiments may be very coarse or the reverse, and in some species they are 
found of several sizes. The distance between the dissepiments varies, and the cellular 
condition of the outer part of the interloculi is often very marked. The straight dissepi- 
ments do not produce the vesicular appearance. Dissepiments often form a vesicular 
tissue when tabulae exist. There are some important genera without dissepiments, 
and whose species contain individuals whose internal base forms the lower margin of the 
visceral and interlocular cavities. 

In some species, a fiUing-up of the interior of the corallum by a process of thickening 
of the lower part of the wall and base supplies the place of the endotheca.* 

The second variety of endotheca, the tabular, is recognised by the horizontal direction 
of the processes,*^ and by each process being on the same level Avith regard to the inter- 
septal loculi. In fact, the tabula give the idea of passing through septa and everything 
else in their horizontal course, for they appear to shut out all the space beneath them most 
perfectly. Their extent varies with the diameter of the corallite, and is influenced by the 
occasional presence of vesicular endotheca^ near the wall; but, as a rule, they are attached 
to the inside of the wall and to the septa : they may be distant or very close, very delicate 
or very strong, and they are often marked either by depressions or elevations on their 
upper surfaces. Some tabulae are not quite horizontal, but curve upwards in the long 
axis of the corallite, and others are inclined between horizontal series. 

In Axopora Fiaheri (nobis) the great fasciculate columella clearly passes through the 
tabulae, and in the genus Columnaria the large tabulae may be broken off the septa, in 
longitudinal sections, and it may be readily observed that the septa are continuous and 
that the tabulae are not their foundation. 



1 Plate V, fig. 3 ; Plate I, figs. 15, 18. 

» Plate I, fig. 15. 

« Plate III, figs. 9, 10, 11. 



2 Plate I, figs. 3, 5, 14. 

* Noticed in many West Indian Tertiary corals. 
« Plate IV, fig. 2; Plate III, fig. 16. 
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The synapdcid^e are Bot considered to be endothecal structures by MM. Milne- 
Edwards and Haime, but tbeir development in some species lenders their present clas- 
sification necessary. In their feeblest development they are papillae (on opposite septd 
laminae) J which have coalesced, and thus form a bar across the interlocular space, whilst in 
their greatest they form long ridges between the septa, and they cannot be distinguished 
from very vertical dissepiments except that they do not tend to close a cavity. 

Exotkeca. — Tliere are structures resembling endothecal dissepiments between tbe 
costse of some species ;^ in others these sclerenchymatous laaiinae — the e^wtkeca — extend 
beyond the costae and form a more or less cellular envelope to the corallite, by which it is 
joined to its fellows to form a compound corallum." 

The simplest exothecal dissepiments are stretched horizontally across the intercostal 
spaces, they generally reach the free edge of the larger costaBj and now and then hide the 
smaller. They may be inclined or not. 

The highest dissepiment, or that nearest the calice, bounds the lowest reflection of the 
soft tissues, just as the highest endothecal dissepiments bound and form the base of the 
soft tissues of the visceral cavity. 

In some species tliere are dissepiments between the costae very higli up, and in others 
much lower down. The distance between the dissepiments, their arched or plane course, 
their vesiciJar character, and the presence of vertical laminae dividing the space between 
dissepiments into cells, are all seen to vary greatly in different species. 

The dissepiments are very feebly developed in most simple corals, and they may be 
noticed as simple fold^lilcc elevations on the sides of costae and m forming dimple-shaped 
depressions on the wall at the bottom of the intercostal spaces in some of the Turbinoliie, 

In Sohma^trdpa they may be distinguished as forming cells on the wall and between 
the costsG and as a tissue which extends around each corallite. 

The upper surface of the dissepiments is often marked with elevations resembling 
blunt papillae. 

The genus Galmvea has this exothecal oell-growth in excess ; it is termed in such an 
instance Peritlieca? 

Cmnenchyma^ — Some corallites in many compound corals ai'e TJcparated by a very 
dense sclcrcuchyma, which is variously ornamented on its free or intercalicular surface. 
In some species the walls of the corallites are evidently independent of this structure^ but 
in others this is not the case. It wonld appear that this tissue, which is very cellular in 
its simplest development and hard and solid in its greatest, is really an raoMem/ structure, 
and that it is formed by the lowest and reflected layer of the external soft tissues. The 
costal markings, the granules, spines, monticules, ridges, and depressions, on the surface of 
the coenenchyma differ greatly in many species. 

^ Plate I, figs. 11, 18. 2 Plate V, figs. 2--5. 

3 Plate I, fig. 19. * Plate IV, figs. 7, 12, 17, 18. 
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I^itheca} — ^This structure is occasionally seen both in simple and in compound 
corals ; it is the '* foot-secretion '* of Dana,^ and may either be closely applied to the wall 
of the corallite or may simply cover the costae, leaving them more or less perfect in their 
ornamentation. In some simple corals it covers the wall so closely as to resemble a 
coating of varnish, in others its texture is rough and marked with concentric or encircling 
ridges^ and in a few instances it is marked by chevron-shaped lines. The epitheca may 
be very thin or very dense, and it may simply cover the base or only reach a short 
distance upwards from it ; or it may cover all the external surface as far as the calicular 
maj^. The dense epitheca of some Monilivaltia is accompanied by a great diminution 
in the strength of the wall ; this is seen also in many Bugose corals. The epitheca of 
compound corals is rarely ornamented, but is laminate and often readily destroyed. Its 
preservation in fossils is comparatively rare, and it should therefore not be made of very 
great classificatory value. 

The epitheca developes processes in certain species and only covers the base of others ; 
it is porcellanous in some, as in Mabellum, and pellicular in others, as in Balanophyllia. 
It is membranous, striated, verrucose, marked by growth-rings, shining, rough and partial, 
in different species. 

It is a structure evidently formed after the development of the costae, and results from 
a tissue which is a continuation of that which determines the agglutination of the bases 
and peduncles of certain corals to their supporting earth, stone or rock, or foreign 
organism. 



III. — ^Anatomy of the Soft Tissues. 

The membranous surface which covers the calice, supports the tentacules^ and is 
perforated by the mouth, is called the Tentaculiferous Disc.^ 

The opening of the mouth is central, and is either circular or elliptical in outline ; it 
is at the top of a truncated cone^ whose base is continuous with the disc and whose 
height varies according to circumstances. The margin of the opening — the lip — is usually 
marked by radiating ridges, is very prehensile, and can be moved in different directions. 
The cone, whose upper extremity is the mouth, varies in its power of protrusion in 
different species ; this is especially great when the tentacules are small and are only 
arranged at the margin of the disc ; and, as a rule, when the tentacular development is 
considerable the labial protrusion is slight. In some species, such as Heliastraa cavernosa 
and IdthophyUia Cubenm, there is a considerable space between the mouth and the 
tentacules, and these last are feebly developed ; consequently the mouth can be so pro- 
truded as to form a hollow between its cone and the base of the tentacules. 

1 Plate I, ^z. IG. 2 Plate IV, fig. 6. 

3 Plate II, figs. 4, 9, 11, 10, 13, 14, 16, 17. * Plate II, figs. 10, 11. 
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The ridgcB which mark the lips are continued on to this vacant space, and radiate 
towards the bases of the tentacules. 

In some species the moveable mouth and the hollow betw^een it and the tentacules aiie 
of more use in obtaining food than the tentacules themselves.^ 

The contrary is very evident in CaryopItyUia davrn^ (the CaryophylUa horealis of British 
zoophytologists), and in Cladocora €€B»pitom? In these species the tentacules are greatly 
developed and extend close up to the base of the cone which is surmounted by the mouth 
and lips ; there is but little of the disc unoccupied, and the power of protrusion on the 
part of the cone is comparatively slight. Yet it must be observed that when the tentacules 
are withdrawn, the mouth is capable of being projected farther than when they are in full 
extension. 

The lips, the external surface of the cone, and the disc, are covered with cilia. At the 
marginal extremity of the disc in some species, and scattei'ed over more or less of the 
whole disc and extending even very close to the labial orifice, in others, are the tentacules.* 
These organs vary in length and thickness in different species, but each has a base con- 
tinuous with the tissues of the disc and opening into the upper part of the visceral cavity. 
Generally terminated by a bulbous swelling, the tentacules are perforated throughout by a 
delicate canal, and consist of tissues which render them very mobile, contractile, extensile, 
and more or less prehensile, Tlie external margin of the disc corresponds with the 
calicular margin i it is separated from it by a very small space, is continuous with the 
tissues covering the outside of the coral, and in some species has a small fold which 
covers in the tentacules- 

The opening of the mouth, when fully expanded, admits of the columellary surface 
being seen at the bottom of a shallow cavity ; and the sides of this cavity, marked by the 
continuation of the ridges noticed on the lips and disc, are often protruded through 
the lips.^ The cavity is the stomach, and it is separated from the visceral cavity, which 
is below or at about the level of a prominent columella, by a faint constriction — ^the 
pylorus. The stomach is very short and very extensile. 

The sides of the cavity are continuous, by means of the lips, with the outside of 
the disc; they are formed by the same tissues, but the tegumentary layer of the 
disc is altered and becomes the superficial layer of the mucous membrane of the 
stomach. 

The ridges already noticed on the lips, disc, and stomach, correspond on the under 
side of the disc and outside of the stomach with mesenteric folds* 

The pylorus opens into the visceral cavity, whose upper boundary is the lower surface 
of the tentaculiferous disc, and it therefore is clear that the stomachal membranes con- 

1 Plate II, fig. 10. 2 Plate II, figs. 7—11. « Plate II, fig. 4. 

♦ Plate II, figs. 4, 7, 11, 12, 13, 14, 17, 18, 19, 20. 
^ The ridges are seen in Plate II, figs. 11, 13, 14. 
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tinued over the. pylorus are reflected, upwards again, outside the stomach to cover the lower 
surface of the disc. Here, moreover, they form the mesenteric folck^ upper attach* 

ment is to the under surface of the disc, and whose inner is in part to the ridges of the 
lips and the corresponding structures on the outside of the stomach. There are openings 
between these mesenteric folds corresponding with the bases and canals of the tentacules. 
The pylords exists more in name than in reality, for the passage into the visceral 
cavity is large and easily passed. Around the lower margin 6f the pylorus, and 
attached where the ridges already alluded to end, are the free edges of the mesenteric 
folds and a tubular structure} There is a distinct numerical relation between the 
development of the ridges, mesenteric folds, tentacules, septa, and pali. 

If the disc were removed from the subjacent corallum by cutting the membrane 
which is continued from below upwards to its margin, and the pylorus were pulled 
upwards, the septa, pali, columella, wall, and dissepiments, would be exposed to view, 
covered by soft tissue ; in other words, all the boundaries of the visceral cavity except the 
upper would be seen. 

The upper boundary — the under surface of the excised disc — presents a series of 
radiating soft folds, separated by intermeaenteric spaces^ which are perforated by foramina, 
continuous with the tentacular canals. The pali and septa are developed in these 
spaces^ and hence it is that the tentacules over these hard parts appear to grasp them by 
their bases. 

The visceral cavity is bounded below and externally by the tissues covering the 
inside base, the wall, and the dissepiments which close in the calicular fossa, as the case 
may be. 

The cavity is divided by the septa and mesenteric folds into a series of radiating 
fissures, which may be recognised in the dead specimen by means of the interseptal loculi. 

The absence of the columella and of endothecal dissepiments infers a large visceral 
cavity, and it may be readily understood that a coral developing endothecal dissepiments 
rapidly will have a short visceral cavity, for the newest dissepiment bounds the calicular 
fossa inferiorly. 

The sea-water and its minute organisms would pass into the mouth, through the 
stomach and pylorus, and would enter between the mesenteric folds into one of the peri- 
visceral fissures of the great visceral cavity, and the water passes out again through 
the tentacular canals. 

The under surface of the disc is continuous with the soft tissues covering the septa 
and wall (internally) by their direct continuation upwards. The contiguity of the tissues 
covering the costae and outer part of the wall with the outer rim of the disc has been 
noticed. 

The disc thus constituted is, when the polype is well nourished and lively, slightly 

1 Plate II, fig. 2. 
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^vatcd above the calicular margin ; its tentactiks arc stretched out and overIa]> the hard 
arts, whilst tlie conical mouth is barely \ isible. Under other circumstances the dUc is 
ontracted, the mouth open, the tentaculcs more or less retracted, and the outer part of all 
he septa is visible through the translucent tissues. 

In certain " serial *' corals, such as Diphria cerebri/ormk,^ the edge of the disc gives 
exit \x^ prehenmie cirrki^ and these organs are to be seen projecting from the rim of the 
disc in Cary^hyUia davm? They arc very thread-hke, aiid have prehensile powers. 
The microscopic anatomy of these cirrbi has not been studied. 

The tubular structureSj " cordo^is pelotonnhj* which are attached to the juncture of 
the mesenteric folds with the pylorus,* float about in the visccnJ cavity, and especially 
near the inner margin of the smaller septa ; their lower end is unattached and often rises 
on to the top of the columella. These tubular structiires are very much twisted, 
hollow, and contraetilCj and are covered with cilia. They often contain ova. The nelaliori 
between the mesenteric folds and these tubular structures in the physiology of repro* 
duction requires further examination. 

The hard parts of the corallum are included in and nourished by soft tissues,* This 
is invariably the case in every species up to a certain period of grouch. In some it is 
true during all the stages of their development, whilst in many species only the upper 
part of the corallum is in contact with the soft tissues after a certain height has been 
attained. 

Thus, in the CaryopkyUia clavus the outside of the comllum is covered by soft tissttes 
from its narrow base to its calicular margin and the inside also. The wall, the costae, 
the septa, the pali, and the columella are covered by a membrane which sends processes 
into thehr dense structure. The nutrition^ growth, and in some instances the absorption of 
the hard tissues, are carried on by means of the membrane and those processes, and so 
long as the hard and soft parts are in contact, the first cannot be said to be independent 
of the latter. 

In corals where the gravvth is accompanied by the formation of dissepiments in the 
interloculi, the w^hole of the interior of the corallum below the dissepiments nearest the 
calice, is not in contact with the soft parts ; it has ceased to be nourished by them, and it 
is to all intents and purposes dead. Moreover, the external membmne docs not descend 
for any considerable distance below the caUcular margin, and the lower parts of the costae 
and wall are as dead as the lower parts of the interior of the corallum. This is the case 
in most of the large and luxuriantly growing compound corals, and only a few lines on 
their surface may be living, the rest is dead. Each portion of the endotheca, as it springs 
from the septa or wall, is formed by the fine membmne and is included in it; as growth 
proceeds the curved, straight, horizontal, or vertical dissepiment is lined on each surface 

1 Plate II, fig. 17. 2 Plate II, fig. 1 1. 3 piate II, ^^, 2. 

* Plate I, fig. 17, diagram. 
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by the soft tissue, but as the dissepiment closes off the space beneath it the inferior 
layer of membrane is absorbed, and finally is no longer to be noticed. This is the case 
with the exotheccd structures also ; the exothecal layers, the ccenenchymal cells, and the 
perithecal cells, are formed by the membranes, and as the cells become closed the included 
membrane is absorbed. All the granular and spiniform ornamentation of the sderen- 
chyma is also formed in the soft tissues, and the more or less dense epifAeca results from 
tile development of a tissue from the base of the corallum. 

This last is called the foot-secretion, and covers the results of the growth of the 
membrane which develops the wall and costae. 

The deposit of earthy and inorganic matter in living corals is not, then, a simple con- 
cretionary process, but is essentially a vital one ; it follows certain laws, and its extent 
and amount depend on the nutrition of the individual. When the influence of the soft 
tissue is no longer felt the hard parts become harder and denser and are subject to 
various changes in their mineral condition. 

In those corals whose calices are not separate, but are continuous and running into 
series, the tentacules, as a rule, are small, numerous, and are often partly hidden by a ridge 
of membrane.^ There are several mouths to the elongated and tortuous calices. 

The microscopic structure of the soft tissues of the Sclerodermic Zoant/iaria has been 
ably studied by many observers, and the following extract from the description of the 
soft parts^ of Cladocora caspitosa by the late M. Jules Haime contains information 
sufficiently exact for the present purpose. 

" The surface of the corallum is more or less convex. When extended the polypes 
touch each other with the extremity of their tentacules, and when they are seen from 
above there is no interval between them. The tentaculiferous disc is never more than 
two or three millimetres above the calicular margin of the polyperitesj and the lateral and 
inferior continuation of the disc only descends one or two millimetres^ below the margin. 
When a polyperite is cut longitudinally it will be readily observed that the soft tissues 
are not prolonged much deeper internally in the visceral chamber, so that in the adult 
coral, which is usually several centimetres long, only about five or six millimetres of its 
upper part are covered by the soft tissues. This limited portion is bounded inferiorly by 
the uppermost of the series of horizontal dissepiments. All the rest of the corallum 
appears to be dead, and is ordinarily covered with Serpulse and Nullipores. 

** When the tentacules are fully extended, the diameter of the circle formed by 
their extremities is about one and a half times as large as that of the calice. The 
margin of the calice is usually visible on account of the transparency of the soft parts 
covering it. 

*' The tentaculiferous disc is horizontal, but towards the middle of it there is a slight 

1 Plate II, figs. 14,16, 17. 

* ' Hist. Nat. des Corall.,' vol. ii, page 589 et seq. See description of Plate II. 
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concave track, and the mouth projects in the form of a more or less oblong truncated 
cone. There are from sixteen to eighteen internal folds, faintly shown, however, on the 
rim around the mouth- i 

" The tentacules are of the same number as the septa whose summits they envelope, and 
there are always from thirty- two to tbirty-six. They are evidently equal in size and in 
length. Their length is nearly equal to that of the diameter of the coraUite. They 
are elongated, swelling a little above their insertion, and then becoming very slender as far 
as their free extremity, which is terminated by a small knob-shaped enlargement, 

" The polypes can contract to various extents. Several very characteristic movements 
may be noticed, however* A slight agitation of the surrounding water or the contact with 
small particles, suffices to cause a shortening of some or all of the tentacules, although the 
disc does not alter its shape or position. 

" When the exciting cause acts more decidedly and continuously, the shortening of the 
tentacules increases, the disc retreats, and the protractile mouth elongates in advance of the 
calice. This state of things is very usual in distiu^bed or decomposing water- If the 
animal itself is shaken or is touched, it retracts its disc into the calicular fossa, and 
nothing is to be seen of the soft parts but some small elevations corresponding with 
the tentacules. Finally, a violent shock or a prolonged irritation produces so complete a 
retractation that the tentacules disappear completely, and the white colour of the septa ts 
seen. The calice looks as if it were dried, and there is only a light brown tissue in the 
interseptal locuU, In this last case the water which usually distends the tissues has been 
gradually expelled, and they arc so reduced in volume that they are readily withdrawn 
into the interseptal and coluniellar spaces. 

" The disc and the tentacules are of a transparent brown colour, and when the sun 
shines, a brilliant green tint may be seen within the tentacules. This coloration evidently 
depends in some instances upon the light. But it is necessary to remark, that the 
primary and secondary tentacules and those of the third cycle which are flanked by 
quateniaiy are those which show this green tint in their insides* The peculiarities of these 
tentacules coincide with the presence of pali, which arc situated beneath and within them, 

" When the mouth opens, as it often does when the pol}^e is semi-retracted, the 
papillae of the columella are visible. The stomach is very short, and is almost reduced to 
a rim, which is confounded with the lips, 

*' The tentacules are not smooth, but are covered with a multitude of small wart-shaped 
prominences, of a transparent white colour; they are equal in siae^ and measure a tenth 
of a millimetre in width. The terminal bulb presents a narrow central canal, which 
communicates both with the tentacular cavity and with the external medium. The 
three layers of tissue which constitute the tentacules have the same genei-al characters 
as in the Jctinia, but the four layers of the tegumentary covering are not to be 
detected. 

'4. The first envelope is quite transparent, and is composed principally of nematocysts of 
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three dimensions, those of medium size being the commonest ; also, of very simple cells, 
either irregular in shape, or oblong or piriform ; and of small rounded and transparent 
globules, which form the innermost layer. 

"There are no cells in the external tegument which produce the colour of the 
polype. The white warts which project on the surface are made up of a mass of large, 
transparent and elongated vesicles. 

" The nematocysts, which form the most important part of the integmnent of the 
tentacules, are slender and cylindrical, one of their extremities being smaller than the other.* 
They contain a thread regularly rolled up as a spiral, and which near the large end termi- 
nates in a straight and central portion. The thread when unrolled is about two tenths of 
a millimetre in length. The nematocysts are perpendicular to the tentacular surface, 
and their large end is the most external ; the internal thread makes its exit by this 
extremity. 

" The terminal bulb" of the tentacules is almost entirely composed of these filiferous 
capsules ; there are two other kinds in it unlike those just described, some larger and 
stouter, and others much narrower and more slender. The first are elliptical, slightly 
attenuated at one of their ends, and they contain a thread rolled into a slack spiral. This 
thread shoots out from the small end of the cell. The remaining nematocysts do not 
appear to have a proper cell-wall ; they are cylindrical, slightly smaller at both ends, and 
very slender ; they are formed by a filament very closely rolled into a dense spiral, which 
unrolls itself like the wires used in some elastic clothing.^ 

" The structure of the skin is the same over the whole surface of the polype. The 
nematocysts of the second size are the most common. A certain number of those of the 
largest size are found in the stomacho-buccal rim. The cilia are very distinct at this spot^ 
and around the disc also, although they are very delicate ; they are rare and feeble on 
other parts of the polype ; they are very indistinct on the tentacules, and are wanting on 
the bulb. 

'* 2. The middle or muscular layer is formed by transverse and vertical fibres which 
are excessively slender and sparely distributed. Very thin oblique muscular fibres may 
be seen at the bases of the tentacules. 

" 8. The internal membrane is formed by a layer of transparent cells tolerably adherent 
to each other, and by a layer of colour-bearing globules which are spherical or slightly 
oval in shape. 

" It is these cells which give the colour to the polype ; they are filled with irregular- 
shaped grains, of a bright brown colour ; they themselves are secreted in certain trans- 
parent vesicles, and present the greatest resemblance both in shape, colour, and structure 
to the globules which float free in the tentacular cavities of young sea-anemones. It is 
probable they have a corresponding function in their early age. Near the top of the 

^ Plate II, fig. 1. 2 Plate II, fig. 3. » Plate II, fig. 6. 
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tentacules these colour-beariog cells am arranged iu small irregulai' groups, but elsewhere 
they become more nunieroiis- 

" The internal membrane lines the interseptal loculi, where its presence is rendered 
evident by its colour ; it is stopped inferiorly by the last sclerenchymatons dissepiments. 
The mesenteric folds formed by this membrane present a few colour-ceUs. The folds^ give 
attachment to the simple " boyaux pelotonnes " which float in the large interseptal loculi 
along the smaller septa, and which often show themselves on the columella when the 
mouth is half open and the polype is slightly contracted. Their walls are almost entirely 
composed of nematocysts of the largest size, and their surface is furnished with large 
and strong cilia j they are frequently aflfectcd by peristaltic movements, and they are 
attached to the tentaculiferous disc by strong muscidar fibres.'* 

IV. — Reproduction akd Multiplication, 
Omdar Heproduciion ; Gemmation ; Fmiparvm and Serial Grtrnth ; RvproducHon. 

The mesenteric folds and the twisted tubular processes^ whose ends ai*e free in the 
\isceral cavity, appear to be the organs which develop the male and female elements. 

It would appear that all corals are not bisexual, but the majority are so. Spermatozoa 
were asserted to exist in the fuhdar processes^ but their description tallied with that of the 
thread-processes of nematocysts. MUne-Edwards dispelled this illusion, and the true male 
elements have been discovered. The presence of ova in the mesenteric folds and in the 
tubular processes has been noticed and in the latter position by Michelotti and Duchassaing 
in large compound corals.^ The ova are matured in the folds and processes, and then 
escape into the visceral cavity, and are expelled through the stomach and mouth. They 
have some power of active locomotion, and select favorable localities for their resting-place. 
The young polypes have faint traces of the future sclerenchyma, and grow rapidly when 
once fixed, provided they are well nourished. 

As growth proceeds, the structure of the wall detenmnes the" shape of the coirallum; 
and its simple or compound character is related by the particular methods of the mul^ 
tiplication of the individual. Some corals are always simple or soUtaiy, others for a 
considerable period, and some for a very short time. The kind of ffemmatioti or buddiuy 
determines the massive, dendroid, encrusting, &c., nature of corals. 

It appears to be very rare for buds to fall from the parent corallum and to form inde- 
pendent individuals. 

By gemmation is meant the development of corallites from the tissues of a parent 

corallum. A very small patch of the membrane in immediate contact with the scleren- 

chyma of the parent appears to pucker, and septa are rapidly formed within the enlai^e- 

ment which occurs ; tentacules have already appeared, and the small bud proceeds as if it 

1 Plate II, fig. 2. 2 Op. cit. 3 Qp. cit. 



INTRODUCTION. 27 

were an independent organism as regards its growth, but its membranes are continuous 
with those of the parent. In many corals the base of the bud and the visceral cavity of 
the parent are at first continuous ; but in others the membrane reflected over the septa, 
the margin of the wall, the external surface of the wall or of the base, produces the 
gemmation. 

The gemmation may take place, then, on any part of a coral. It may occur within 
the calice, on the calicular margin, on any part of the wall between the calice and the 
base, and it may happen at the base. The direction of the line of growth of the bud has 
much to do with the future shape of the corallum, and the power of growth of the parent 
<K)rallite after the development of the bud also. 

The parent corallite may not grow after the production of a bud from its external wall ; 
the bud becomes a perfect corallite, and gives origin to a bud in its turn. This repetition 
onay go on, and a corallum results, formed by an ascending series of simple coraUites ; or 
"the parent corallite may elongate after giving off a succession of whorls of buds which do 
Slot in their turn always develop others. The space between the whorls and the individual 
'fcuds becomes filled up with exotheca and coenenchyma. A dendroid corallum results, as 
in the genera Madrepore^ and Stylophora. 

Again, straight cylindrical corallites give off one or two buds, and all continue to grow, 
^passing upwards, the calices keeping on one level, and the corallites being parallel. This 
c^etermines the massive corals of many Aatrmda. 

A corallum with geometrical calices whose walls are soldered together buds within 
*;.lie calices ;* the parent calice and the bud grow, and the coral both expands laterally and 
ii.xcreases in height This produces a very common form of compound coral. 

Certain corals never raise themselves far from the foreign substance they rest upon ; 
tlie base gives off a bud, which, stolon-like, gives forth others, and all turn upwards 
slightly. 

From these considerations it is evident that there is a necessary division of the 
gemmation into calicular, basilar, and lateral. 

Calicular (j/emmaiioniskt^ place from the interseptal loculi near the columellary space, 
^nd either midway between it and the wall, or just within the calicular margin. One or 
more buds may grow at once, and the budding may or may not be fatal to the parent. A 
pseudo-calicular gemmation is occasionally seen in simple corals which are only oviparous. 
It is produced by one of the young polypes settling on the parent accidentally, and 
grooving to its detriment.' 

The true calicular gemmation is well seen in the simple forms of the genus Cyatho- 
jiliyUum^ in a new genus from the Lias i^Lepidophyllum), and in the genera Stauria,^ 
hoMtrtBa^ &c. ^ 

1 Plate IV, fig. 18. 2 Plate IV, ^%. 11. « Plate IV, figs. 8, 10. 

* Plate IV, fi%. 10. « Plate III, fig. 15. « Plate IV, fig. 11. 
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Gemmation fmm the wall — the lat<*ral forii)^ — may occur at the top so as to aflect tho 
caliciilar margin, and at any place between this and the base. The gemmation may btf 
sohtary, alternate, whorled, numerous, or irregular ; and the parent may or may not grow' 
after the development of the biids*^ 

The genera C/mlocara^ SoienmtfiBa^ Ocfdina, LopkoheUu^ 2Ia(Irej)ora, HeliaMn^a^ 
St^locmnifi, Sfylinfij Ai^lrocmma, Siephano^mna^ <&c., furnish examjdes of lateral and 
marginal gemmation, 

The basilar gemmation is especially to be observed in the genera Rhizan^ia^ AHtran^ia^ 
PhyUmigia^ and other Asimftgiaee^B. 

Fissi-parom f/rawth. — ^Mauy corals increase in dimension and become ca^spitose, 
gyrate, lamiiiarj or massive, by a repetition of a fissiparous process in the caliceor calices 
The general nature of this method of calicidar division and subsequent growth may be 
seen in Plate IV, figs, 12, 13, The caliee is fmrly bisected through the columella of 
columellary space by the growth of two or more opposite septa, and the wall appears t 
curve inwards, whilst the parts on either side grow independently and separate w ith 
vaiying rapid ity» The process may be more or less speedily repeated in the new caliees, 
and as they separate and grow upwards they may or may not be enveloped in 
coenenchyma. 

Very differently shaped corals thus Result. 

The genus Bickocmma offers examples of massive corals where there is fissiparons. 
growtli aud much ccenenchyma. The genus Fama has its fissiparous individuals iu close 
contact, and the species of Thecomnliu yield long, dendroid, and csespitose forms. 

Serial growth} — Corals of thu genus Dipfof'ifi, Lfdiw<ea/idra, Jihipido^tfm, Pecihiia, 
Teleiop/iff/Ha, Tfu/sanm^ Mftnicinfi, frc, have either faint traces of caliccs running laterally 
into each other, or else the septa follow each other in a longer or shorter series, which is 
sometimes straight, at others twisted. The occurrence of cccnenchyma, and the particular 
manner in which the " series" may be joined laterally, determine the shape of the corallum. 
In the Latimaandra the hint traces of calices may be seen. In Diploria and Maandrinaf 
the septa are in series, and form a massive coral ; whilst in the TeleiopkyUia and ThyBo/iii^ 
where there is a long series, the corallum is sunple and pedicillate. 

Gemmation occurs both in fissiparous and serial corallites. 



v.— PHYSIOLOGY. 

The ovules of corals are projected from the visceral cavity through the pyloric con- 
striction, the stomach, and the mouth, by the contraction of the tissues of the disc; and the 
ciUa of the cavities assist the transit. Cilia cover the small ovule and move it onwards 

1 Plate IV, fig. 16. 17. - Plate lY, fig. 14. ^ pjate IV, fig. 15. 

* Plate IV, fig. 14. 
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with the assistance of the currents in the water ; when it comes in contact with a hard 
substance, or rests, out of a current, on soft ground, the base adheres, and the minute 
tentacular disc is gradually developed, and finally expands. The young polypes arc 
carried here and there ; they exercise no volition, and only those which find a fit base upon 
which to rest live on to maturity. Either the young coraflum adheres fixedly through life, 
or is so buried in mud or sand as to be immovable. 

The locomotion of corals, therefore, is confined to the early period of their existence, is 
more or less passive, and the organs concerned in it are the cilia. The cilia vary in length, 
and their movement is vigorous ; their activity is increased by light, warmth, and a highly 
aerated pure sea- water. 

The adhesion to the foreign substance occurs by means of the outer membrane : if the 
base of the future corallum is to be small and pedunculate, the membranes at the base 
grasp some irregularity of the surface of the stone or shell, as the case may be, or envelop 
the body should it be small. As the hard parts are developed by the inner membranes, 
they pass around or envelope the substance, and fix the coral permanently. Occasionally, 
specimens are found with erosions at the base, as if they had suffered a violent rupture 
from the supporting substance and had continued to exist. 

When a broad and flat base occurs, either the membranes and the subsequently 
developed sclerenchyma fill up the irrfegularities on the surface of the substance upon 
which the polype has rested, or are attached to it by a secretion of the epitheca. When 
corals rest on soft mud or sand, and become immersed, the tentacular disc appears just 
above the surface, and the body of the coral is very generally found covered by the 
epithecal membrane and its badly organised calcareous secretion. It is especially these 
corals that have large lateral growths, large costae and processes ; and they may be broad 
at the base, or quite the reverse. 

The epitheca acts as an anchor and as a sheathing to the coral. 

It has already been noticed, that the skeleton of the coral — its sclerenchyma — is 
developed and nourished by the inner membrane; and the retreat of this membrane, as well 
as the apparent death of all the hard parts below its level, have been explained. It will 
be found that the inner membrdne permeates the hard tissues, that these are developed 
as granules in its intercellular spaces, and that, as the granules become hard, close, and 
solid, the nourishing influence of the membrane gradually ceases. In perforate corals the 
membrane is always in contact with the reticulate sclerenchyma, and the interiors of 
adjacent corallites are constantly in mutual relation. 

Considering the weight of many individual corals, and the tenuity of the soft parts, 
this development of sclerenchyma is very wonderful. It must be remembered, that in 
many large compound corals only the few upper lines of the corallites are really nourished 
by the soft parts ; all the rest has been gradually developed and left by them. 

The density of the sclerenchyma differs more in species than in individuals, and size 
has nothing to do with it. As a rule, very quickly growing corals are less dense than 
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others, and the tissues in contact with the membranes are the least resisting. Th€ 
calcareous and other salts which form the sclereDchyma are derived from the matter 
assimilated by the coral dui'ing its digestive and respiratory processes ; their deposition 
a vital and not a mechanical jirocess, and its amount is regulated by those conditions whici 
affect the general nutrition of the individual. 

The following analyses of recent corals are selected from those made by Silliman t^ 





Forilci. 


Mailrepori. 


Pocilloponu 


Masandrint* 


AMnea. 


(Hdijutfwil 


Carbonate of lime .*.„,„. 


95B4 . 


.. 94807 


94^583 


93 559 


96'471 


91 782 


Phosphates and Fluondean., 


2'Oa , 


„. 0745 . 


„ 1^050 .. 


. 0-910 ,.. 


0B02 


... 2100 


Organic matter ,. , . 


2il , 


.. 4-448 , 


.. 4397 .. 


, 5-536 .„ 


2727 


... 6118 



The fluorides, phosphates, &c.» yielded the following results (per cent- of thei 
precipitate) in three examinations. 



Silica , ,.„ 2200 

Lime .-„ „.„.„„.,.,. 13*03 

Magnem ., 7-06 

Fluoride of calcium 7 S3 

Pluoride of magnesium ... 1 2'48 

Phosphate of magnesia.. . 270 

Alumioa and Iron ,.„ IGOO 

Oxide of iron ..„ 1^*30 



2. 


s. 


12-5 


870 


7-5 


16-74 


4-2 


45-19 


26-34 


0-71 


26-52 


2-34 


80 


0-34 


NM 


25-97 



Silliman arrived at the following conclusions respecting the proportions of the 
phosphates, fluorides, and other salts : — *' Fluorine is present in much larger proportion than 
phosphoric acid. The silica exists in the coral in its soluble modification, and probably is 
united to the lime* The free magnesia existed as carbonate, and was thrown down as 
caustic magnesia by the lime-water/' 

The dead and living tissues are liable to be perforated by parasitic borers; and 
the surface of the coral below the soft tissues is often covered with Bryozoa, Ser- 
pulae, &c. 

The inner membrane develops the buds, and it has an absorbing as well as a 
depositing power. 

Food is obtained by living corals through the agency of the tentacules, the spiral 
threads, the cilia of the disc, and the lips. It consists of Animalcula, small Crustacea, the 
ova of MoUusca, and the spores of Algae and smaller marine plants. Myriads of 
organisms may be seen in every small glass of water taken from the tropical seas, and the 
growth and nutrition of the coral-polypes can be readily accounted for. 



B. Silliman in Dana's * Structure and Classification of Zoophytes,' Appendix, p. 124 et seq. 
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The ne^natocyata of the tentacules^ and of the general surface are the destroying 
weapons ; their missiles paralyse and slay, whilst the spiral threads envelope and kill as 
welL The spiral threads are observed in the corals with " serial" calices especially/ and 
the tentacules are not well developed in those species. The threads appear at the 
cdicular margin, and have openings through which they pass to and &o from the 
visceral cavity. They are sometimes noticed in simple corals with well-developed 
tentacules.^ 

Anything destroyed by the nematocysts of the tentacules^ or killed by the spiral 
threads^ either falls on to the disc, or is passed on to the mouth directly and without the 
agency of the cilia. The cilia are especially useful in passing small bodies towards the lips; 
and these, when protruded, are moved in all directions seeking food. 

Once within range of the lips, the food is grasped by their sphincter and passed into 
the stomach. 

The movement of the tentacules and of the lips is produced by the contraction of tlie 
second or muscular tissue. All the tissues are very excitable, and contractions are readily 
produced by irritation ; but the muscles act with a remarkable coordination, considering the 
absence of the organs of vision and of all nervous structures. 

The stimulus of light acts very decidedly, so does that of heat, and direct contact 
produces that series of changes which has been described by M. J. Haime, 

The stomach dissolves more or less of what goes into, it, and passes the solution into 
the visceral cavity through the pylorus, whilst the faeces are returned and rejected. No 
add reaction has been obtained from the stomachal membrane. Much water passes 
through the stomach and into the visceral cavity. 

The visceral cavity receives the primarily assimilated food and the water which passes 
through the stomach ; all this is brought in contact with the irrigatory system^ — with the 
tissaes lining the interloculi covering the septa, &c., with the mesenteric folds and the 
tubular processes, as well as with the inferior sur&ce of the disc and the bases of the 
tentacules. Finally, this watery medium kept in agitation by the cilia of the visceral 
membranes is now and then expelled through the tentacular orifices. A process of 
absorption goes on, and the results of secondary assimilation appear to be the deposit 
of the sclerenchyma and the nutrition of the soft tissues. 

Doubtless, the external tissues with their nematocysts have a power of retaining and 
moore ot less absorbing nourishment without the process of digestion. 

The respiration of corals appears to be carried on by the tentacules, the membrane 
lining the intermesenteric spaces — the irrigatory system, and by the general sur&ce. 

1 Plate II, figs. 1, 3, 5, 6, 7, 8. ^ piate II, fig. 17. » Plate II, fig. 11. 
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Well-aerated water of a certain temperature and containing minute orgaiiisnif^ is abso- 
lately necessary for the nutrition and respiration of corals; and rnnd and sediment 
held in suspension by brackish water, or by water very j^lightly saline, are very noxious 

Corals soon die when exposed to siicb adverse influences ; and it is probable that the 
contractions which are noticed on some simple forms are due to periods when nourishment 
was scarce and the sea-water impure. 

Corals are often pbospiioix^scent ; and this is very constantly obsen^ed when they have ] 
been removed from the sea and allowed to drain away on stones. 

There are no special structures in the mesenteric folds which account for the process 
of absorption, and the method of the development of the male and female elements of 
generation in them is not satisfactorily determined* The tubular processes allow the ova 
to escape, and the ciliary motion of the lisccral cavity tends to their ejection. The gene- 
ration of corals is said to require a tempemture of not less than 75** ; but it must be 
j'emcmbered that verj' temperate seas have their corals, and that the coast of Norway and 
of Scotland abounds with them. 

Without entering into the question of the geographical and bathymetrical distribution 
of corals, it may be safely determined that the perforate corals are the most mpid growers^ 
and have the largest amount of soft tissues ; they are usually found where the sea is the • 
best aerated and full of organisms, just as some of the most solid of the aporose corals are 
to be found in calm water and at great depth. 

It is the comprehension of the stomach, pylonis, mesenteric folds, and tubular pro- 
cesses within one cavity that distinguishes true Madreporaria from the hydmid Acaleplm^ 
The tabulate corals have been classified amongst these last^ but upon insufficient data. 
Whenever the polype of a tabulate coral is proved to have its digestive and I'cpro- 
ductivc organs in separate cavities, then the views of Agassiz will be justified, but not till 
then ; the tabula? are not necessarily calicular bases, for they may often be separated 
from the continuous septa and columellas. 



VI. — Classification. 

In examining a fossil coral, attention must be first of all paid to the structure of its 
wall and septa. It must be determined whether the first is aporose,^ or, on the contrary, 
perforate,^ and whether the septa are assignable to systems of cycles which follow the 
disposition of the rugosa or not. Should there be a tubulate structure of the wall and a 
rudimentary condition of the septa, it should be noted. Finally, the existence of hori- 
zontal tabulae in the endothecas must be ascertained. 

1 Plate I, ^^. 1, 2, 3, 4, 14, 15. « Plate III, figs. 3, 4 ; Plate IV, fig. KS. 

» Plate III, figs. 9, 10, 11, 16. 
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There is a vast difference between the economy of a coral with imperforate and a 
coral with porose walls, and a method of diagnosis arises from it. The aporose and 
perforate sections are at once natural and easily distinguished. 

The horizontal tabulae may be found in perforate as well as in aporose corals, but the 
absence of vesicular endotheca and of the usual endothecal arrangements may be so marked 
that a section can be very fairly marked off. Nevertheless, the gradation of dissepiments 
into horizontal tabulae^ is witnessed in many Bugosa, and is not feebly marked even in 
some corals of the section Aporosa. 

The tubulate wall and defective septa offer materials for a doubtful section, for they 
are very closely matched by some aporose forms. 

The Buffosc? are so peculiar in their septal arrangement that, as a rule, they are dis- 
tinguished at once ; but their diagnosis will be carefully elaborated in a future page. 

When the section of a coral has been determined, the existence or deficiency of endo- 
thecal structures becomes diagnostic. The existence of endotheca refers very definitely 
to the nutrition and growth of the species, and is readily discoverable. 

The method of multiplication, the existence of fissiparous or serial calices, and the 
independence or the soldered condition of the corallites, must be then noticed. 

The existence of pali and the nature of the septal arrangement must be made out, 
and the absence or presence of a columella determined. The nature of the columella, 
the shape of the calices, the size and ornamentation of the septa and costae, must be 
examined, and the plain or incised condition of the septal margin decided. The exist- 
ence of exotheca, coenenchyma, peritheca, and epitheca is to be discovered, and the pecu- 
liarities of the structures noticed. The height and breadth, and the habit of the coral 
should be estimated. There are, then, many data for the foundation of a classification ; 
and the following tables have been drawn up of that of the generj which are most likely 
to be found in the British Secondary and Tertiary rocks.* 

1 Plate IV, fig. 2. ' Plate III, figs. 15, 18, 19, 20. 

' The tables have been selected from the ' Hist. Nat. des Coral./ Milne-Edwards and Jules Haime, and 
have been altered where requisite. 
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VII. CORALS FROM THE TERTIARY^ FORMATIONS. 



I. Corals from Brockenlun'st and Roydon. 

The fossiliferons bed at Brockenhurst in Hampshire was discovered during the 
formation of a railway; it was diligently examined, and it has produced some most interest- 
ing mollusca and corals. 

The molluscan fauna has much in common with those of the beds in Grermany about 
Magdeburg, Bemburg, Aschersleben, Egeln, Helmstadt, and Latdorf,^ and with those of 
the strata at Tongres, near Liege. Moreover, some of its most characteristic species are found 
in the Middle Headon beds at Colwell Bay and at Whitecliff Bay, in the Isle of Wight.* 

The Brockenhurst bed lies immediately upon a freshwater formation,* the fossils of 
which are specifically identical with those of the freshwater beds of the Lower Headon ; 
and it is covered by unfossiliferous sands. 

The fossils from Roydon probably came from a well. 

Corals are not found in the Middle Headon beds, but they abound at Brockenhurst; 
and it may therefore be admitted that the strata at the latter locality are the purely marine 
and oceanic representatives of the former.^ 

The specimens of fossil corals from Brockenhurst are tolerably perfect ; they are gene- 
rally covered with a red argillaceous sand ; and they often contain selenite and sulphide 

^ It is necessary in using the terms " Tertiary," " Eocene,'* &c., to remember that there hat been 
a constant and gradual development of " species " from the first appearance of life on the globe to the 
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cf iron. Many have been rolled ; and in all the original carbonate of lime of the sclerenchyma 
has been but slightly altered. 



l^Kmij^—ASTBJEIDjE. 

SuB-PAMiLT— ASTRiEINiE. 

Tribe— kS>TKMkQ;EM. 
Genus — Solenastr/BA.^ 

The generic characters of the Solenastrmm are as follows :' 

The corallum is usually massive, convex, cellular, and light : the corallites are long, 
and are united by a well-developed exotheca, and not by the costae, which are never lai^ 
enough to come in contact with those of neighbouring corallites. The costae are always 
more or less rudimentary. The calicular margins are free and circular : the columella is 
spongy, and usually but feebly developed. The septa are very thin, and are formed by 
well-developed latninae : their margin is dentate, and the lowest teeth are the largest. 
The endothecal dissepiments are simple, numerous, and close. The gemmation is extra- 
calicinal. 

The species already recorded have been separated into those with rudimentary and 
those with distinct columellae,* but they are all well and easily distinguished from the six 
forms about to be described. 



1. SOLENASTB^A CELLULOSA, DunCOn, PI. V, figS. 1 — 7. 

The corallum is rather short, and appears to increase in breadth : its upper surface 
is irregular, and covers more space than the lower. 

The corallites are inclined, distant, parallel, and are connected by a cellular exotheca 
which here and there forms a denser connecting tissue. 

The calices are unequal in size and irregular in outline ;* they project considerably above 

^ ' Compt. Rend, de TAcad. des Sc./ vol. xxvii, p. 494, 1848. Milne-Edwards and J. Hairae. 

^ * HiBt Nat. des Corall.,' vol. ii, p. 495, Milne-Edwards et J. Haime. 

' Edwards and Haime, op. eit., page 497. ^ Plate V, fig. 7. 

6 
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the upper surface of the coenencbyma if hich separates them i* their margins are sharp, the 
fossa is shallow, and the columella rudimentary. 

The septa are thin and well marked ; they form six systems, and there are four cycles 
The primary J secondary » and tertiary septa are very much alike^ and extend well towards 
the ceutre of the calice. The septa of the fourth and fifth orders are short, and do not 
extend far from the w^all,^ 

Tlie columella is rudimentaryj and consists of a few processes derived from the inner 
margins of the septa. It is made to appear larger than it really is, by the frequent deve 
lopment of the endotheca near the inner septal margins. In some calices it appears as if 
one of the larger septa crossed over the columellary space, and became connected to the 
opposite one. 

The endotheca is greatly developed ; the dissepiments incline so much that transverse 
sections of eorallites or worn caUces show numerous transverse bars between the septa :* 
really these bars are but sections of oblique dissepiments. 

The costae, when covered by the exotheca, are rudimentary, and exist as faint unequal 
ridges which are shghtly nioniliform; but where they are above the coeDenchyma, and 
close to the calicular margin, they are feebly developed, but distinct, unequal, alterBately 
4arge and small, and bluntly dentate.* 

The exotheca is abundant, and consists of small square cells, rectangular cells, and of 
a tissue in which the cells form a dense ccenenchyma,^ It pass^ from corallite to 
corallite, and is marked on its upper or free surface by faint ovoid and rather flat ele 
vat ions, w^hich are close in some places but distant in others.* The upper layer o 
the exotheca often grows up the sides of the eorallites to the calices. 

Height of corallum ^th inch. Diameter of eorallites ^^th inch (in the largest) 

i*aca/»Yy.— *Brockenhurst. In the Museum of Practical Geology, London* 



2. SoLENASTR^A KoENENj, Duncan, PI. V, figa, 8, 9* 

The corallum is short, gibbous, and irregular. 

The eorallites are rather but unequally distant from one another. The calices are 
liardly exsert, and are very shallow and open* Tliere are no costae visible, and a continuation 
of the coenencbyma upwards reaches the calicular margin.^ 

The septa are in six systems and there are four cycles. The septa are thin, delicate, wide 
apart, unequal, and occasionally not quite straight.^ 

1 Plate V, fig. 1. 2 Plate V, figs. 3, 4. » Plate V, fig. 3, 

* Plate V, figs. 5, 6. ^ Plate V, figs. 2, 5. « Plate V, fig. 7. 

7 Plate V, fig. 8. 8 Plate V, fig. 9. 
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The columella hardly exists, and it is formed by a few offshoots from the inner margins 
of the septa. 

The endotheca is scanty. 

The wall is thin above, but thick low down in the corallites. 

The exotheca is well developed ; its cells are small, and its upper or free surface is 
but faintly mariced. 

Height of corallum i inch. Diameter of corallites ^th inch. 

Locality. — ^Brockenhurst. In the Museum of Practical Geology, London. 



3. SoLENASTRiEA Reussi, Duncun. Plate V, figs. 10 — 16. 

The corallum is tall, with an irregular upper surface. The corallites are subturbinate, 
with wide calices and narrow bases ; they are irregular in their distances, but are con- 
nected more by bands or layers of dense exotheca than by a cellular coenenchyma, but 
both structures exist. ^ The caKces are very slightly exsert, and irregular in shape and 
distance. The fossa is shallow, and the margin is thin. The columella is very rudimen- 
tary. The septa are very distinct, unequal, not always straight, thin ; and the highest 
wders are rudimentary, but exist as small projections. There are six systems and five 
cycles.' The laminae are marked with granules in a series of slanting rows.' 

The endotheca is very scanty and highly inclined.* 

The wall is not very stout. 

The costae where uncovered by exotheca are distant, very slightly prominent, straight, 
unequal, and very bluntly dentate. 

The exotheca forms layers which curve around the corallites, and connect them 
together at certain heights only, the intermediate parts being uncovered by exotheca ; 
the uppermost layer is more or less granular, and reaches to the calicular margin.* The 
layers are formed by elongated and very thick cells, and they rarely are square and thin. 
The gemmation is extra-calicular, but several buds spring from the same wall, very close 
to each other.^ 

Height of individual corallites ^th inch. 

Diameter of the calices ^th inch. 

Zocra/i/y. — Brockenhurst. In the collection of Frederick Edwards, Esq., F.G.S. 

' Plate V, figs. 10, 11, 14. ^ Plate V, fig. 16. » Plate V, fig. 15. 

* Plate V, fig. 15. » Plate V, fig. 12. « Plate V, fig. 10. 
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4. SoLENASTRAA OBMMANS, Duncan. Plate VI, figs. 1 — 7. 



The corallum is tall, its base is small, and the calicular surface is very irr^ular. 

The corallites are very unequal, they are sometimes crowded and for the most part are- 
separated by coenenchyma ; they are not very exsert, as a rule, but many pass up above 
the level of the common coenenchyma and exhibit their wall marked with small 
costse. 

The exotheca is dense, and resembles layers of membranous epitheca more than a cellular 
exotheca. It is found here and there only, so that much of the wall of many corallites is 
free. The exotheca spreads across from corallite to corallite in wavy horizontal layers^ and 
the costae are hidden by it. But where the exotheca is wanting the costae vary greatly 
in their size and development.^ 

The calices are irregular in shape> size, and distance ; the fossa is shaUow, and the 
columella is rudimentary. The calicular margin is rather blunt. The septa are long, 
delicate, very ragged on their sides, from their connection with the endotheca, and but 
slightly granular* There are four cycles and six systems ; the primary and secondary septa 
extend well inwards, and their ends, which are occasionally enlarged, are connected by 
ragged and irregular processes ; the tertiary are smaller ; and the septa of the fourth and 
fifth orders are almost rudimentary. Sections of corallites show the wall to be mode- 
rately thick. 

The costae are unequal, and are either plain, short and rounded, short and monili- 
form, short and bluntly dentate, or even almost vesicular. They are rudimentary when 
covered by the exotheca. 

The endotheca is very abundant and highly inclined.* The gemmation is peculiar, and 
causes the species to resemble in its growth some of the Cladacoracea : the bud separates 
widely from the parent, and then passes upwards and soon gives forth a bud which takes 
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and structure of the exotheca, in the method of gemmation, and io the septal d 
ment. These distinctions render the division of the Brock eiihurst Sol^mstr^BM 
species absolutely iieccFsary. This increase in the number of the species proves J 
genus must have been a large one ; and the resemblance of the specific forms to v 
(from the really slight structural distinctions) is what is generally noticed in the 
lai*ge genera. 

These new species belong to a division of the genus which is not represents 
where ; it is characterised by the high septal number, the deficient cohunella, a 
amount of inclined endotheca^ d 

The recent Solenmtro'tFfiTc found in the Red Sea, the Caribbean Sea, and in the 
and I'acific Oceans. The horizontal endotheca and low septal number distingi 
these species from those of Urockcnhurst* 

The fossil species of the genus are SdenrntnEa Verhehti, Ed, and IL, 5fa/^ 
Tamnemis, Micbelin sp., and Solenastr^a compmiia, Reuss sp, ^ 

So/enm(rma Verhekti is an Eocene form from Ghent ; and its rudimentary thir 
of septa, very close corallites, and its paucity of slightly oblique and snbconvex end 
distinguish it at once and very decidedly. j 

SolenaBfrtBa T/rrone/ms has very long and close corallites with three cycles of sej 
a well- developed columelhi ; its very scanty and very feebly inclined endotheca* a 
wide-apart exothecal dissepiments, separate it from the fonn fmm Ghent, as well i 
those from Brockenhitrst. MM. Milne-Edwards and J. Haime determine that this 
and SoienastfiBa compmiia are identical. The Touraine form is of course from the 
Miocene, 

The following is a scheme of the classification of the Tertiary Soiena&traa t 
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dale sp» I B, Bairdiana, Ed. and H> ; B* ^entculata, D'Archiac ; B. Cumingii, Ed, and H.» 
and B. subc^Undrica^ Philippi sp,, may be arranged together to form a subgenus charac- 
terised by forms with broad adherent bases. The following species will fall into another 
subgenus whose forms have the base naore or less pedicillatc: — BalanophyUia prrnl^nga^ 
Michelotti; sp. ; B. &ravem, Michelin, sp, ; B^ sinuata^ Reuss; B- inmquidens^ Reuss; 
B. fmokidarw, Reuss, and B. Jmiraliensis, Dimcan, 

The new species from Brockenhiu^t, B. ^rami/afa, must be received into the first sub- 
genus. The absence of epitheca, the profusely granular costae, and the existence of part 
of the sixth cycle of septa^ distinguish B. fftanulata from aU the species already described. 

There is nothing iu the species B, fframdata to connect it ivith any geological horizon ; 
for the BalanopkyliiiB without epitheca range from the Eocene to the present day. 
The species B^ pmiuiata has only a generic alliance with those described by Reuss, 
Roemer, and Philippic 



GenU^ — LOBOFSAMMIA. 

LoBOPSAMMiA CARiosA, Gold/ms, sp. Plate VII, figs, 6 — 10- 

The corallum has a wide base, above which it is slightly constricted. It rises in the] 
form of a short cylindrical trunks terminated by several gibbous processes, which support 
calices and project outwards. 

The under surface of the base has a concavity^ which is lined and surrounded for a 
short distance by a dense epitheca ; the costee radiate around the margin of the epitheca, 
and ascend the outside surface of the corallum, pursuing very irregular and wavy courses, 
being thin, rounded, equal, and joined laterally by numerous cross bars of exotheca- 

The costa?j which are very faintly granular, have this same peculiarity^ on the upper 
surface of the corallum between the gibbous calices. 

The calices are irregular in shape, and so speedily commence to elongate prior to 
dividing tissiparously, that simple ones are rarely seen. They are, nevertheless^ in the 
figure of eight, and are situated on the ends of the gibbous projections ; their margins ^e 
irregular, the fossa is shallow, and the columella is very feebly developed. 

The septa are very numerous, and form at least five cycles in six systems ; they ore 
unequal, stout, and often bifurcate near the columella. 

Height of corallum about one inch ; diameter of trunk fj^ths inch ; greatest diameter 
of calices ^^^^ths inch. 

Locality. Brockenhurst, Acy, Auvert, and Valmondois. 

^ Plate VII, fig. 10. 2 Plate VII, fig. 7. 
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In the Museum of Practical Geology, London, and in the collection of Frederick 
Edwards, Esq., F.G.S. 

Lobopsanmia cariosa is a common fossil at Brockenhurst, and the specimens diflTer in 
the stoutness of the corallum and distinctness of the costae. There is a so-called species, 
L. dilatata, Roemer,^ from Latdorf ;* but it is not worthy of more than the title of a variety 
of our widely dilffused form. The same may be determined with respect to L. Parisiensis, 
Michelin, sp. 

^iLCTio^—MABBEPOBARIA PERFORATA. 

Family— PORITIDES. 

Sub:famUy—?OViUmM. 

Genm — Lithar^a. 

LiTHARAA Brockknhursti, Duncan. Plate VII, figs. 17, 18. 

The corallum is massive, irregular in shape, and has an uneven upper surface. The 
corallites are close, and are very rarely separated by much reticulate cellular structure ; 
they are rather short, and vary in their diameter in different parts of the corallum. The 
waUs are well marked. 

The calices are shallow, close, and generally quadrangular. The margins are formed 
by trabecular tissue, and the septa are irregular, unequal, wavy, and are often enlarged at 
the inner end ; their laminae are much perforated ; they are in six systems, and there are 
three cycles, the primary being the largest ; the others are often very small. The laminae 
are faintly dentate laterally. 

The columella is slightly developed, and appears to be formed by processes from the 
septal ends. Diameter of the caUces g^ths inch. 

Locality. Brockenhurst. In the collection of Frederick Edwards, Esq., F.G.S. 

The scanty coenenchyma, the shallow and quadrangular calices, the three cycles of 
unusually perforate septa, the ill-developed columella, and the shape of the corallum, dis- 
tinguish this species from Litharaa Websteri and the Litharaa of the French Tertiaries. 

The genus ranges from the Maestricht Chalk to the Faluns at Dax. 

^ Roemer in Dunker's ' Palseontographica,' 1862—1864. 
^ In the Lower Oligoceoe. 
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StCTion—jMJDM^POMAMIJ TJBUIJTJ. 



FiUtfiLT— MILLEPORIDiE 



Gen^ — ^AxoFORA 



AxopoEA MicHiLim, Duncan. Plate VII, Figs, 11—15 



The corallum is large, very irregular in shape, and marked by mequalities of the 
surface- The coenenchyma is abundant^ very finely reticulate^ and is dotted by nuuierousj 
and very small calices, which are not very deep, and often irregular in shape ; they ar 
not separated by ridges* The columella is formed by longitudinal fibres, and projects bu 
slightly at the bottom of the caUce ; it is slender, veiy long, and often wavy. 

There are no septa. 

The tabulse are horizontal, not niimerous, very small, and do not go through 
columella, and divide the corallite off perfectly, 

A variety of this species is in the form of a flat cake, and its corallites are very long 
and thin.^ 

Locality. Brockenhurst. In the collection of Frederick Edwards, Esq,, F.G.S. 

Jwqpora is a very remarkable genus, for its corallites have no septa, but a great 
columella and tabulse. The tabulse do not pass through the fascicukte columella, and 
yet they cut off all the space below them from that nearer the calice. 

The species are not numerous i they were probably mpid growers, and the structures 
entering into their composition are so simple that it is very difficxdt to determine specific 
distinctions. 

The Holorma Paridends, which is synonymous with Alveolites Parimemis, Michelin, 
and which was described by MM. Milne-Edwards and Jules Haime, in the first part 
of their Monograph, has been determined by them to be an Axopora. The Awopora 
Michelini is a very large and fine form, and is closely aOied to Awopora Solanderi^ 
Defrance, sp,, and less so to A. Fukeri, Duuc, but it differs very decidedly from 
A. Parisiensis. 



1 Plate VII, figs. 13, 15. 



TERTIARY CORALS. 51 



SECTioif—MJDIiUPOEJIilA PEBFOBATA. 
Family— MADREPORIDiE. 
Genm — Madrepora.. 

1. Madrepora Solanderi, Deftance. Plate VIII, figs. 12 — 14. 

The corallum is arborescent ; the branches are subcylindrical. 

The calices are sunken in the very porous coenenchyma, and they are large and wide 
apart. 

This is the description given by MM. Milne-Edwards and J. Haime,^ and the 
following is from Michelin :' 

M. ramosa, porosa ; ramis subcyliudricis, saepe compressis, raro coalescentibus, granu- 
losis; stellis universis, rotundis; lamellis 12 fragilissimis, 6 maximis, aliis parvulis. 

The Brockenhurst specimen shows the granulated coenenchyma and the septa ; but it 
proves that the calices, like all others of the genus, were more or less prominent before 
being worn. 

Localities. Brockenhurst. Mary pres Meaux (Seine et Mame), Auvert, Graux, and 
Valmondois. In the collection of Frederick Edwards, Esq., F.G.S. 

2. Madrepora Roemeri, Duncan, Plate VIII, figs. 8 — 11. 

The corallum is partly foliaceous and partly ramose, but the branches coalesce. 

The calices are very distant and, in unworn portions of the corallum, are on the top 
of conical and very costulated projections. The calicular margin and the conical base 
produce a " tubuliform calice." 

The costae are projecting, wavy, rounded, and are lost in a very granular and 
almost echinulate coenenchyma. 

The septa are stout, and twelve in number. 

Locality, Brockenhurst. In the Museum of Practical Geology, London. 

3. Madrepora anglica, Duncan. PI. VIII, figs. 1 — 7. 

The corallum is in the shape of a stout trunk, with numerous aborted branches which 
give it a very gibbous appearance. 

» Op. cit., Tol. iii, p. 162. ^ * Icon. Zooph.,' p. 165. 
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x\x A'^^ either scattered irregularly over the papillate coenenchyma or are 
it A<^ : * parent corallite being surrounded by its buds. The calices are 



v^j^jj^ priyccting, tubuliforrn and finely costulated, the costae being lost in the 
uti iv^rivie, and papillate common tissue. Some are not costulated, but are sunken 
V vNr«onc'l*y*^®» and all are circular in outline with thickish walls, 
rho sopta are as is usual in the genus ; and the opposite primary septa frequently 
loin l>v thoir inner ends. There are six large and six small septa. 

The coenenchyma is highly cellular, and its free surface is almost aciculate with sharp 
papillae. Locality. Brockenhurst. In the ^luseum of Practical Geology, London.' 

These species of the genus Madreppra are all new to the British coral-fauna. 3/. 
Solanderi is an indifferent species, for there may have been any amount of ornamentation 
on the coenenchyma, and the calices may have been very prominent and costulate, but 
nearly every detail has been worn off the specimens. Many well-characterised species, 
were they worn and rolled, would present the appearance of the typical specimen of 
M. Solanderi, 

Madrepora Boemeri is well characterised by its form, its distant tubuliform calices with 
costulated external surfaces, and by its very granular and echiniilate coenenchyma. The 
species most closely allied to M. Boeineri is M. granuloBa^ Edwards and Haime, a recent 
form from the He de Bourbon. 

The Madrepora Anglica is a well-marked species, and is allied to M. crassa, Edwards 
and Haime, a recent form whose locaUty is unknown. 

The genus Madrepora comprehends at least ninety-two species, of which only eight are 
fossil. The Paris Basin and the Turin Miocene have hitherto been the localities whence 
the fossil species have been collected ; and now the Brockenhurst beds must be admitted 
amongst the strata whose remains indicate the former existence of coral-reefs exposed to 
a furious surf and the wash of a great ocean. 

llie Brock en burst Madremrm do not resemble, except genericallv. the species from 
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Two of the species, viz., Lohopsammia cariosa, Goldf.,'8p., and Madrepora Solanderi^ 
Defrance, sp., are found in the Eocene beds of the Paris Basin ; they have not, however, 
been noticed either in the London Clay or in the Bracklesham and Barton beds in 
England. 

The Madrepora Solanderi is a species of very doubtful value, and the reasons for this 
assertion have been already given. 

The Lobopsammia cariosa is found under the name of L, dilatata, Roemer, at Latdorf. 

The lAtharaa and the Axopora from Brockenhurst have no very close specific alliance 
with the forms of the genus found in the London Clay and the Bracklesham beds. 

The Nummulitic coral-fauna^ of Italy, Sinde, &c., has no species in common with that 
of Brockenhurst ; and the researches of Reuss and Roemer in the coral-faunsB of the 
Tertiary series termed Lower, Middle, and Upper Oligocene, have not produced any 
results which enable me to correlate any one of those series with the coraliferous beds at 
Brockenhurst. 

The Miocene coral-fauna has no specific relationship with that under consideration. 

It becomes evident from these considerations that the new coral-fauna has very 
slight resemblances and affinities with those already described. 

The Brockenhurst corals are, therefore, very remarkable ; the absence of simple forms 
and the presence of species of Madrepora, Axopora^ and Solenastriga indicate the former 
existence of a vigorous polype-growth, and of all the physical conditions now observed 
near and about coral-reefs. The great size of the trunk of Madrepora Anglica is 
especially significant. It may be still true that this coral-fauna was a local one, for at 
the present day the distinction between reef-, barrier-, and simple coast-corals is suffi- 
ciently determinable. 

The coral-fauna of the so-called Lower OUgocene beds of Germany is associated with 
the moUusca which characterise the Brockenhurst beds and their equivalents in the 
Headon series of the Isle of Wight.' It is distinct from the coral-fauna of Brockenhurst, 
although the correlation of the strata can be established from the study of the Mollusca ; 
hence the probabilities of the Latdorf coral-fauna being that of a coast-line, and of the 
Brockenhurst being that of an oceanic and reef area, are great. 

The coral-fauna of Brockenhurst is more recent than that of Barton and evidently 
flourished under very diflferent physical conditions. It is older than the Ealuniau and 
Crag-faimse. 

' The coral-fanna of the London Clay, and of the Bracklesham and Barton beds, and of the Paris Basin, 
is contained to a certain extent in the great Nummulitic coral-fauna of Southern Europe and India ; but 
there were clearly two coral-provinces during the early Tertiary period, just sr there are at the present day — 
the West Indian and the Pacific. 

^ Axopora is represented in existing reefs by many tabulate corals. 

' Yon Koenen, *'Die Fauna der Unter-Oiigocanen Tertiar-Schichten von Helmstadt/' 'Zeitschrift 
der Dent. geol. Gesell.,' Band xvii, 1865. 
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VIIL Corals from the Eocene op the Isle of Wight and from the London Clay. 



Ojudyju—ZOANTHABIA. 



Family— TURBINOLIDiE. 



Tribe — TuRBiNOLiNiE. 



Genm — ^Turbinolia . 



I. Turbinolia afpinis, Duncan, Plate IX, figs. 1, 2, 3. 



The corallum is slightly truncated inferiorly, and it is conical low down, but cylindro- 
conical above; it is symmetrical and very small. 

The costae are well developed and obtuse ; the largest are swollen out inferiorly, and all 
are moderately prominent ; not very thick, but very distinct. 

The intercostal spaces are wide on account of the costae being separated by a portion 
of the wall, which is very visible at the bottom of the spaces. 

There are no dimpled markings on this portion of the wall. 

There are very decided markings on the sides of the costae produced by rudimentary 
cxotheca. 

The wall is thin. 

The calice is circular in outline. 

The septa are thin, delicate, unequal, rather ragged, granular, and slightly enlarged 
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2. TuRBiNOLiA EXARATA, Duncan, Plate IX, figs. 4, 5, 6, 7. 

The corallum is conical inferiorly and cylindrical superiorly, so as to be rather sub- 
turbinate. Its base is small and narrow, although the costae are very projecting there. 

The costae are greatly developed ; they are subequal, very prominent, and thin ; their 
free margin is rather sharp, and not much narrower than their base. 

The largest costae are very prominent inferiorly, and the tertiary arise at the distance 
of about one quarter of the whole height of the corallum from the base. 

The costae are very wide apart, and the base or bottom of the intercostal spaces is 
wide, very visible, and it is not marked by any dimpling. 

The sides of the costae are strongly marked with a rudimentary exotheca, which is 
attached to the wall close to the base of the costae (fig. 7). 

The wall is very thin. 

The calice is circular in outline, very deep, and its margin is rendered very distinct by 
the well-developed costae. 

The septa are slender, thin, and unequal ; they form three perfect cycles, and there are 
six systems. 

The septa and costae correspond. 

The columella is very small, cylindrical, pointed, and in the typical specimen there are 
two papillae on its free surface. 

Height ^ths inch. Diameter of the calice ^ths inch. 

This very interesting species resembles the Turbinolia FrestmcAi, Edwards and 
Haime, in some points ; but it has no vestige of a fourth cycle of costae ; moreover, the 
new species has not the truncated base of Turbinolia Prestwichi, and its third cycle of 
costae arise high up. 

The width of the intercostal furrows and the absence of well-marked dimpling are 
very distinctive peculiarities of Turbinolia exarata. 

Locality, — The species is found at Brook, Hampshire (New Forest). In the collection 
of Frederick Edwards, Esq., F.G.S. 

3. Turbinolia Forbesi, Duncan. Plate IX, figs. 8, 9, 10, 11. 

The corallum is very small, conico-cylindrical, and has rather a sharp base. 

The costae are very stout, obtuse, and slightly prominent; the largest are often wavy 
in their upward course, and all are separated by wide intercostal furrows or spaces. There 
i3 a well-marked but very small costa situated high up in the corallum and in each 
intercostal space. 

There are large and distinct exothecal markings on the sides of the costae ; but the 
existence of dimples on the wall at the bottom of the intercostal spaces is too doubtful to 
be safely asserted. 
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The calice is unsymmetrical, from its peculiar septal arrangement ; its marginal wal 
is very thin* and the fossa is deep. The columella is angular in its transvei^e outlinej 
and is often very prominent. 

The septa are unequal, straight, and delicate* There are no septe corresponding with 
the rudimentary costai ; their arrangement gives the idea of there being two systems of 
three cycles* the septa of the third cycle being deficient; but there are really sit 
systems* 

In four systems there are three cycles of septa, and the rudimentary costae are of tho; 
fourth and fifth orders ; and in the remaining systems there are two cycles of septa with 
the rudimentary oostae of the third order* 

Height of corallum #hs inch. Diameter of the calice ^th inch. 

The cyclical arrangement and the rudimentary costae distinguish this sjiecies from all 
the others. 

Locality. High Cliff, Isle of Wight, In the collection of Frederick Edwards, Esq.^ 



( 



The genus TurbinoUa^ thus enriched by the discovery of three new species, was so 
elaborately described by MM. Milne-Edwards and J* Haime, that it only remains to place i 
these species in their proper position in the genus. 

The following scheme will point out their correct affinities : 

TURBINOLLE. 
TuRBiNOLT^ with four ejelei of «eptft ; the fourth more or l^a mcotnpletc. Turhin^^Um c&itaiu, 



tbree cyclei of septa 



three cycles of E»ept«, with co>t«e of a fourth cycle 



three incomplete cycles of aepta 



e&itaiu. 


'-1 


ditpar* 


^ 


^estaraia,^ 


3 J 


^DrnQTiu 


4. 


^Jirma, 


5. 


•affimu. 


S. 


PAareira. 


7. 


iaminifera. 


6. 


Nt^Mtana, 


9. 


atienuata. 


10. 


PUSnnaa. 


IL. 


^mtUata. 


12- 


*Bawerltanki. 


13 


^Frederinana, 


l^ 


^PreittoicAi. 


l-£ 


* minor. 


1 m 


* For best. 


1 


*humilii. 


1 



^ The species marked with an asterisk are British. 
Turbinolia attenuata, Keferst. r These species require further examination ; they were discoTer^ 

— lamini/era, Keferst. < in the " Unter-Oligocan " of Germany, are very minute forn^ 

— pyffnuea, Roemer. L and are probably the young of other species. 
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^kmiTL—CARTOPHYLLIACEM 

Tride — ^TROCHOCYATHACEiS. 

Genus — ^Trochocyathus. 

1. Trochocyathus Austeni, Duncan. PI. IX, figs. 15 — 17. 

The corallum is rather tall, slightly carved and compressed ; it is rounded at the 
base, and its sides are marked with slightly prominent but not spined or crested costae. 

The calice is eUiptical, much compressed, and slightly angular at its extremities ; its 
long axis is on a lower plane than the short axis, and its margins are raised into 
several angular processes, on account of the primary and secondary septa being less exsert 
than the tertiary. 

The fossa is moderately deep ; and the columella is long, and not very visible. The 
septa are thin, rather close, and very subspinose laterally. 

The septa are in six systems, and there are four perfect cycles. The septa are 
unequal, and are not very exsert : the primary and secondary septa are on a lower 
level than the others, and correspond to the largest and most prominent costae. 

There are small pali before the primary, secondary, and tertiary septa. 

The costae are distinct from the base, and granular ; the primary and secondary are 
the largest, and all are broader than the septa. Height of corallum, ^ths inch. Great 
diameter of calice, i|ths inch. Small diameter of caUce, ^ths inch. 

This species belongs to the striated TrochocyatU ^ and its tall and curved form, with 
its four cycles of septa, bring it in close relation with Trochocyathus elongatus^ Edwards 
and Haime.' The angular calicular margin is wanting in this last species, whose coral- 
lum is moreover slightly twisted. 

It is very evident that the new species is the representative of Trochocyathm elongatus, 
Trochocyathus elongatus is found at Quartier-du-Vit, near Castellane (Basses Alpes), in an 
Eocene formation, and Trochocyathus Austeni was discovered at Bracklesham. 

In the collection of Frederick Edwards, Esq., F.G.S. 

2. Tkochocyathus insignis, Duncan. PI. X, figs. 1 — 4. 

The corallum is tall, compressed, slightly curved inferiorly, and it has a large calice and 
a sharp base. 

The calice is ovoid, and its axes are on the same plane. 

> ' Hist. Nat. des Corall.,' vol. ii, p. 27. « ' Ann. des Sc. Nat./ 3rd ser., vol. ix, p. 305, 1848. 

8 
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The septa are small, thin, wavy, unecjual, and have very long and sharp lateral spin^. 
The septa are in six systems, but the four cycles are incomplete. The four cycles ar©J 
complete in two systems, but are incomplete in one of the halves of each of the other] 
systems. There are therefore eight septa in two systems and six in the rest. 

The columella is small and situated deeply. 

The pali are small^ and are situated before all the $epta» except those of tfatJ 
last cycle. 

The costse are subequal, broad, very slightly roimded, and barely prominent; 
are generally marked by three rows of granules^ and at the calicular margin they become 
conical, and ornamented with a prominent and wavy ridge-like process, which passes 
downwards, becoming soon lost in a faint fissiu'e, which may be seen on most of tt 
costse low down. 

Height, ^ths inch* Great diameter of calice, i inch. Small diameter of calice, betweec 
feths and ^tbs inch. 

This species is readily distinguished from all other striated TroehoeytUhi by its shape^ 
septal arrangement, small pali, and the cmrious ornamentation of the cost©. 

Locality, Whetstone (London Clay), 

In the collection of N, T, Wetherell, Esq., F.G-S. 

These are the only TrQchocyatU which are knowTi m the London Clay, and it iB vc 
doubtful if Trocfmcyathm mmomm, BroDgniart, sp., was ever found there** 



Genm — Paraciathus. 
L Paracyathus cylindricus, Duncan. Plate IX, figs. 18 — 21. 

The corallum is cylindrical, straight, tall, and has a flat base, whose diameter is nearly 
equal to that of the corallum. There is a constriction just above the base, the wall is 
often marked with growth-rings, and in some corallites the calice is slightly expanded. 

The calice is circular in outline, its fossa is shallow, and the columella very smaU. 

The septa are slightly exsert, and in some calices more so than in others ; they are 
delicate, are marked with large granules laterally (fig. 21), and have an irregular upper 
margin. 

There are six systems of septa, and three perfect cycles ; moreover, in one half of four 
or more systems a septum of the fourth cycle is developed. The septal number is there- 
fore very irregular, and there are from twenty-eight to thirty septa in tlie calice. The 

^ See 'Corals of the London Clay,' MM. Edwards and J. Haime, page 22. 



TERTIARY CORALS. 59 

pali are small and lobular, and appear to be placed before all the septa except those of the 
fourth cycle. 

The costae are distinct from the base upwards, are subequal, slightly prominent, and 
granular. The intercostal grooves are very distinct. Near the calicular margin the costae 
are often found projecting outwards and becoming exsert. 

Height of the corallum \ — i inch. Diameter of the calice ^ths inch. 

Locality, Bramshaw, New Forest. In the collection of Frederick Edwards, Esq., 
F.G.S. 



2.. Pabactathus Haimei, Duncan. Plate IX, figs. 12 — 14. 

The corallum is short and broad, and its base is nearly as broad as the calice. 

The wall is thin. 

The calice is irregularly elUptical, and its long axis is on a lower plane than the 
short axis. The margin is sharp and irregular, the fossa is not deep, and the columella 
does not occupy very much space. 

The septa are slender, crowded, unequal, granular, and slightly exsert. There are 
six systems, and the arrangement of the cycles is very irregular. There are two systems 
in which the septa of five cycles are complete, two in which they are incomplete, and two 
presenting septa of four cycles only. The primary septa are readily distinguished, 
and all the septa are long and often flexuous. The tertiary septa join the secondary 
in some systems. 

The pali are present before all the septa, except those of the last cycle. 

The columella is spongy. 

The costae are thin, sharp, laminate, and project; they are often slightly flexuous, 
and their free margin is moniliform. The intercostal spaces are wide and deep. 

There are traces both of exotheca and of endotheca. 

Height of corallum T^^ths inch. Great diameter of calice ^ths inch. 

Locality, Barton. In the collection of Frederick Edwards, Esq., F.G.S. 

These Paracyat/ii are closely allied to the species already described from the London 
Clay, by MM. Milne-Edwards and J. Haime. 

P. Haimei differs, however from its nearest ally, P. crassus, in its septal arrangement, 
in the sharpness and ornamentation of the costae, and in the size of the intercostal 
spaces. 

P. cylindricus has some resemblance to some varieties of P. caryop/iyllus, but the 
septal arrangement, the small columella, and the very small pali, distinguish it. 
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Family.— OCULINIDjE- 
Tribe. — Octlinacele. 

Gem^. — OcDiiTNA, 

1. OcuLiNA INCEUSTAN8, Duncau. Plate IX, figs, 22 — 24. 

The corallum' is small and encrusting. There is much coeneDchyinai but it is not 
granular on the surface ; it is marked near the caJices by very fadnt costal ridges. 

The calices are arranged without order, and are situated upon more or less prominent 
eminences ; they are usually circular in outline, but there are indications of fissiparity. 
The calicular margin is sharp, the fossa is shallow from the presence of a large and 
prominent columella, and the spaces bounded by the columella, the margin, and the 
primary septa are deep. 

The primary and secondarj' septa are long and nearly equal ; they reach the columella 
and appear to be extended over its upper surface, but this appearance is really produced 
by the pali. 

There are four cycles of septa, and six systems y but the septa of the fourth and fifth 
orders are very small. All the septa are delicate, rather narrow, and very unequal, except 
in the case of the primary and secondary. 

The pali are before all the septa, except those of the last cycle ; they are small and 
indistinct. 

The columella is bulky, projected, rounded, and probably was papillated. 

The costae are very faintly marked, are not straight, and can hardly be said to exist. 

Height of calicular projections l^ths inch. Diameter of calice ^ths inch. 

Locality. Bracklesham. In the Sharpe Collection of the Geological Society. 

The deficiency of granular coenenchyma, the existence of additional septa, the bulky 
columella and the thin pali, distinguish this species from 0. con/erta. 

2. OcuLiNA Wetherelli, Duncan. Plate X, figs. 5 — 7. 

The corallum is short, has a very broad base for its size, is constricted above the base, 
and expands into a calice. It increases by gemmation just below the calicular mai^; 
many buds are aborted. 

The surface is very finely granular under high magnifying powers, but smooth to the 
naked eye. 

The calice is nearly circular in outline, and has a moderately thick wall and a deep 
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Its septa are delicate, unequal, thin, and belong to four cycles, there being six systems. 
The primary are the longest, and there are small pali before all except the septa of the 
fourth and fifth orders. 

The columella is small, blunt, and delicately papillose. 

There are no costse. 

Height of corallum ^^th — f^ths inch. Diameter of calice ^th — j^ths inch. 

Locality. Ballad's Lane, Finchley (London Clay). In the collection of N. T. 
Wetherell, Esq., F.G.S. 

This species is closely allied to 0. con/erta and 0. incrmtans, and but remotely to 
0. Halensia} The gemmation, the small columella and pali, and the septal arrange- 
ment, distinguish the new species. 



^Y.c^io^^MADBEPOBABIA PERFORATA. 

Family— MADREPORIDiE. 

Sub-family— Eupsamminjb. 

Genw — ^Dendrophyllia. 

Dbndrophyllia elegans, Duncan. Plate X, figs. 15 — 19. 

The corallum has a broad encrusting base which gradually tapers into a tall, slender, 
and straight stem, terminated by a calice. Gemmation occurs close below the calicular 
margin on the outside wall, and the branches are in whorls, are long, and do not coalesce. 

The calices are either circular in outline or compressed ; they are deep, have a very 
irregular cellular margin, and a very regular septal arrangement ; they vary in size, and 
are peculiarised by long, thin, and delicate septa, and large interseptal loculi. 

There are six systems of septa, and four complete cycles ; all the septa are well deve- 
loped, laminar, and project very decidedly firom the wall. The primary and secondary are 
straight and project well inwards ; and processes from them develop the columella. The 
tertiary septa are small, but well produced ; and the septa of the fourth and fifth orders 
meet externally to the tertiary septa and proceed to the columella. The laminae are 
sharply granular, but not irregularly so, and their perforations are decided. 

The columella is formed by processes from the ends of the septa, and is small. 

The costae are close, rounded above, and wider and more flattened below. The upper 

^ Fossil Corals from Sinde : < Ann. and Mag. Nat. Hist.,' April, 1864. 
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ooste are granular either in series of one or of two rows, whilst the lower present many 

irregular rows. The croas bars of the cxothcca are numerous. 
Height of corallum 2 inches. Diameter of calice ^^ths inch. 
Locality. — Bracklesham. In the Dixon Collection iu the British Museum, 
This species, verj^ closely allied to I), defidrophylhide^t is distinguislied from it by the 

habit of growth, by there being multi-granulose costse, and by the development of the 

higher orders of the septa. 



^B£Tiois—MJI>ItEPORAltIA PERFORATA. 

Family— MADREPORIDjE. 

Sub-family — Tu rbin arin jj. 

Genus — Dendracis, 

Deudracis — ^geueric characters,^ 

Corallum arborescent ; ccenenchyraa very dense, granulated on the surface ; calice? 
submammiform ; no columella ; septa few in number and barely exsert. 

I 
Dendracis Lonsbalei, Duncan^ Plate X, figs. 11 — 14, 

The corallum consists of stems brauchnig laterally^ both the stenos and branches 
being neai^y cylindricah 

The cocnenchyma is vcr>^ abundant, is covered with blunt conical dentations, and the 
calices are rare, but slightly elevated^ and very small. The calices seem to be defects 
in the ccenenchyma rather thun independent structures. They are wide apart, circidar, 
shallow, and have no colimiclla. The septa are twelve in number, very large at the 
margin, and every other one has a thin continuation which passes inwards. The centnJ 
space is deep. There are no costae (fig- 12), 

The tmnsverse section of a stem shows its cellular nature, and that it consists of 
superimposed coenenchymal cells (fig. 13). / 

Diameter of stems ^^ths inch. Diameter of calices ^th inch. 

Locality. Bracklesham. In the Dixon Collection in the British Museum. 

The wide apart and rare calices, and the strongly echino-dentate coenenchyma, dis- 
tinguish this species from the Dendracis Gervillii, Defrance, sp. 

The new species is attached to the under part of. the base of Lonsdale's typical 
specimen of Pontes panicea described in Dixon's ' Geology of Sussex' (pi. i, fig. 7). 

1 ^Ilist. Nat. des Corall.,' vol. iii, p. 169. 



TERTIARY CORALS. 63 



SECTio}i—MADIiBPOIiARIA PERFORATA. 
Family— PORITIDiE. 
lily — PoRiTiN-ffi. 
Genm — Porites. 
PoRiTES PANiCBA, Lonsdole} Plate X, figs. 8 — 10. 

The corallum is flat and encrasting, and its upper surface is irregular. 

The calices are small, circular, and either crowded or rather distant. In the first 
instance, the outer margins of the septa are in close contact, and in the second there is 
more or less granular coenenchyma between the calices. 

The calices vary in the depth of their fossae, but the septa are always thick externally 
and thin internally ; they are granular superiorly and laterally. There are six large and 
six small septa ; the largest are connected by pali with a solid columella. All are rather 
exsert. 

The longitudinal section shows the corallites to be deep, to have some endotheca, to be 
very porose, and to be united by a coenenchyma of very distinct cells. The amount of 
this coenench)rma varies according to the approximation of the corallites. 

Height of corallum |ths inch. Diameter of calices ^th inch. 

Locality, Bracklesham. In the Dixon Collection in the British Museum. 

There can be no doubt about this coral possessing a granular coenenchyma, a colu- 
mella, and pali. It is not the Astraa panacea of Michelin,* which is really an Astrceo- 
pora^ having neither columella nor paU. The Porites panicea has more lamellate septa 
and a more decided coenenchyma than the other species of the genus, and it unites the 
genera Astraopora, PoriteSy and Litharaa. The species has no resemblance to the Porites 
incrustans, Defrance, firom the Miocene of Turin, nor has it close alliances with any of the 
recent forms. 

» * Dixon, * Geol. and Fobs, of Suteex/ pi. i, fig. 7. ^ Michelin ' Iconogr.,* pi. 44, fig. 11. 

* Pictet, • Paleont./ vol. iv. 
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^%cnoi^—MADREPORAMlA TABVLATA. 
Family— MILLEPORID A, 
Genv^ — ^AxopoRA. 
AxopOEA FisHERi, DmcQu, Plate X, figs, 20 — 22. 



The corallum is large ; it has an oval encrusting base, and a gibbous and tumid upper 
surface and sides. 

The coenenchyma is coarsely reticulate even for an Awoporay and is very abundant. 

The calices are larger than usual in the genus, are very distinct, rather distant, and 
are separated by irregular elevations of the coenanchyma. 

The columella is large, is very simple and prominent, and is rounded and rather 
sharp. The tabulae are very wide apart- 

Height of the corallum 1^ inch. 

Locality. Bracklesham. Collected by the Rev. Osmond Fisher, F,G,S. 

The coarse coeneuchyma and the size of the calices, with the nature of the encrusting j 
base, distinguish this species from those already described. 



IX.— LIST OF BRITISH TERTIARY CORALS FROM THE CRAG, BROCKENHURST BEDS, AND 
THE EOCENE OF THE ISLE OF WIGHT AND THE LONDON CLAY. 

I. — No new species have been discovered in the British Crag since the publication 
of the Monograph of the British Fossil Corals by MM. Milne-Edwards and Jules Haime. 
Those noticed and described in that monograph are as follows : 

1. Sphenotrochus intermedtus, Miinster, sp. 

2. Flabellum Wbodi, Edwards and Haime.^ 

3. Cryptanffia Wbodi, Edwards and Haime. 

4. Balanophyllia ccdyctdus, Searles Wood. 



^ The Bpecies should be called Flabellum semilunatum, Wood, but doubtless Mr. Searles Wood will 
be satisfied with the distiuctioD MM. Milne-Edwards and Jules Haime couferred on him. 
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II. — ^The following species have been described from the Brockenhurst beds : 



1. 


Solenastraa celMosa^ sp. nov. 


2. 




Koeneni, 


3. 


— 


Beusifi, „ 


4. 




gemmans, „ 


5. 




Beyrichi, „ 


6. 




granvlata^ „ 


7. 


Balanophyllia granulata^ „ 


8. 


Lobopaammia cariosa, Goldfuss, sp. 


9. 


Axopora 


Michelini, sp. nov. 


10. 


Litharaa Brockenhursti, „ 


11. 


MadrepoT 


a Anglica^ „ 


12. 




Boemert, „ 


13. 




Solanderi, Defiance. 



-II. — The following list includes all the species from the London Clay, the 
'k^lesham beds, and the Barton beds : 

1 . Turbinolia sulcata, Lamarck. 

2. — Bixoni, Edwards and Haime. 

3. — Bowerhankiy „ 

4. — Fredericiana^ „ 

5. — humilisy „ 

6. — minor, ,, 

7. — Jirma, „ 

8. — Presttoiclii, ,, 

9. — (iffin,i8y sp. nov. 

10. — exarata, „ 

11. — Forbesiy „ 

12. Leptocyathus elegans, Edwards and Haime. 

13. Trochocyathm sinuosus, Brongniart, sp. 

14. — Austeniy sp. nov. 

15. — insignis „ 

10. Paracyathus crassus, Edwards and Haime. 

17. — caryop/iyf/us, Lamarck, sp. 

18. — brevisy Edwards and Haime. 
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^^^19. 


Tartwifnihm Ifaimei, sp. nov. ^^^| 






^1 


— e^Hndrieus^ „ ^^^| 






■ 


Drmniu Sowerbi^ Edwards and Hainic, ^^^| 






H 


Oculinri conferta^ ^^^H 






■ 


inctmtanB^ sp. nov. ^^^^| 






^ 24. 


!Fiff/iere/h\ ^^^H 






25. 


Diphftelia papiilma, Edwards and ITHinie, ^^^| 






26, 


Sfylotmnui mmrdata, Lamarck, sp ^^^| 






27. 


— m07ifkalarifi, Schweigger, sp- ^^^| 






28. 


jhtrocmnifi pulcheifa, Edwards and Uaiiiii* ^^^| 






29. 


Stepkanopht^iiia dkcoideB, ^^^| 






30. 


BahmophyUia demwphyfJum, ,, ^^^| 






31. 


Dendropliifllm eliyans, sp. no v. ^^^H 






35. 


— demlrophyUoidm^ Lonsdale, sp, ^^^| 




« 


33. 


Slereopaammia hmnilis, Edwards and Hairnt^, ^^^| 






34. 


Dendmcm Lonadalei^ sp. nov. ^^^H 






35. 


Poriim panicea, Lonsdale. ^^^| 






30. 


Lithfirmi Wefmteri, Bower bank, sp. ^^^| 




' 


37, 


Awopora Fiaherh sp. nov. ^^^| 






38. 


— Pamimm, Michelin, sp. ^^H 











Number op Species. 



Crag 

Brockenhurst 
London Clay 
Bracklesham 
Barton 



4. 
13. 

38. 



Total Tertiary Species 



55. 



^ Tlie corals frora Lenham and the ferruginous sands of the North Downs are only 
indeterminable casts. 



( 




TO ILLCSTUATE THE STRITCTUaE OP C0EAL8* 

(See InirodiicHon,) 

I. The calic? of B&ihycifaihmt Souvrh^i^ (ftfter M UTte*Edw«rit» And Juki Haime)> The (irDjection of tlie fotli* estenul^f 
&Ttd of the xfpta mitrnMX\j i* iliown j the ciKiiteiioe of t wtUi \wive$n ih« junctiont of Ihe lefila «0d entile is «!tlikiiL 
There h no cttlumeih. 

2* The cojr/ff nmnmg down the oaUlde of the c<>rilLitfn nf ?V<7cAa#millici lu^frota (ft^er AlilacipEdwardM and litLci 
iitime ). 

3. A auction of t cor^llit^ t>( Loph^htlia anthofjhyiht^s^ BLIi»» ihewitig the denie vi^il, ^ith the |irojeeiiao inwmJt of tkc 
tepia. There arR no co^ttc* From natufe, m^gDJIred* 

1. A coralllte of Cf?Roe^JifAta Jdamti, Diiiic^ti,* ihowin^ the Latf, the fj&ffy^ tm\ itii? f^licffltir terminnitfjn. Thn Iivm tA 
rou^h, mud waA forrncrlj ^trowgly altai h(*il to a foreign Bubitaiuce i thfl bodjr btti * few dhorlcd huda on U» »Hd tine 
u|tper eictremitv fthc»w« faint cotte teniiinahng hi »epta. 

5. A loT>gitudlnal lectjou of SpA^tiafrockwt inttrmpdiu^ (after BJilnc-Ed^anU erirj Julei fttiise), The rfrtiinl flt^liloim 
prtjc^M is the columetia ; it ftfi*e« froni thi* ha*e internally* and in jwrnfil tij the wptt by jitirrti |iro<?eiieit ft ta wi 
^tHcnimi** columella. The leiiti fire uliown aa broad plittn, gt-Anulntt^d and arched ; thc^y arc ttttf^h^ij exiernillf tn 
the wfili Outsidi? the fahii shading of the itrall ia the alight projection of one of the coatc. Thia coraHitfl \% u^itn 
frorij the caUcuiar tnarffin to the &4Mfi* 

fi. The calico of Ptevt^tr&chux cntttaiujt^ Duncan*^ The upper and free mrfaoe of a iong rtfiumeUa ia ■hovrm, iImi the cune 
strucloret ii« m ftg, 1 , Magnifuict 

7. The external surface of the uime eorat« ibowtng the irregular eaUemlar mmymf the atfohf coatw^ and the dditaU pt^ttek 
of the base. 

*t. Part of a cat ice of Phcac^sthuit Mourei, Duncan** ahovritig the COit^. icpta, tttd part Of a loqg eoliiniella, Ai in 6f. S^ libl 
there are pttti on the tftids of four of the tepia« Ma^niHed. 

9. The ealice of Trochocxfi^thHt (f&etu^ (after Milne- Edwards and JnT«i Haime), mi|nified. The larger ecpta are icfiarttAri 
by three aTualler, of which the middle one ia the longest. There are twelvo larst teptftf and cft^y other nn^ ia a 
primary aeptum. The pdi are liefore the pritnai?, the aecondary, and the tartlarj aepla. Theie are fanr e^eioa 
of aepta. 

]0. The ealice of Ditcoc^athut Eudftif (after Milne-Edwardji and Jules lliime). ma^ni^M. The oolumelU b liiuelUr, tiNl 
the large pali are before the antcpr^iiultirnate c>'cle {oT the third)* There we (l%*c Cycles. 

J I. Two coralhtes of B^iitutrata ^doiha^t^t** Duncan, oiagititicd. The ooita* M^m to be united bj traniTerse eaoth<;cil 
diaiwpimenti, and the tooth of a small cotta projects in the space formed by the disaepimeiits and the co^iir. 
Some coenenchyma exists between the ci^mUiies, 

12. A longitudinal section of Cotwvmiim an^mata,^ Dunctn, magnified. The twitted pmeesiea forming the essential eottimella 

are aeen, and one side of the Uioitia of a le^ptum. This is grantdar, and it marked by a broken ridge^ which ortci «rt4 
continued to the next septum as a dissepiment. The well ta «een extemallj. 

13. A section of a corallite of CatamQphytHa StoAfti^^* (after Milne^ Ed wards and Jitle* Haime), magnified. The formation of 

a rudimetuary columella i& shown, and the aeetiouH of obhque dissepiments hetwcen the septa and crossing the IntersepUl 
locuU are seen. 

14. A longitudinal section of the upper part of a corallum of Caryoph^Uia cyaikua^^ (after Miloe-Edwards and JiUea Hatme), 

ma^ified. The wall is the external and stroctureless part, and it has no costie projecting from it. The lateral view of 
the septa shows them to he granular, arched ahoTCp and slightly eKserc. The paU are attached to the inner margin of 
I he &epta and to the outer part of the columella, which it formed by many twisted processes. A line drawn from the 
toil of opposite septa forma the upper limit of the calicuUr fossa, and whose base is the top of the columella ceutrallyf 
and the top of the pali. There are no dissepiments. 

l,j. A longitudinal iieelion of part of the corallum of Aniillm Lomd^iein,^* Duncan, magnified. The thin wall gives off iater* 
nally n^any diatcpimcntj, which are joined by their &ide to the septum. Ex tern ally* it ii in contact with a few 
oblique exothecal di^^tepiments* The granulated ^trncture croaaed hy the exotheca, and eiternal to the wall, 
is a costa, and is seen to emerge into a septom superiorly. The septum is very cxsert, is bitobate, dentate, and it 
marked hy radiatitig ornamental ridgei. The columella is dcnie. The endotheea ia resicular. 

16. A corallum of the genus MuntttTatti^, showing the epitbeca with circular rings. 

17. A diagram of the relation of the hard and soft parts of a coral. The parts shaded are the wall, the part of the sclerenchyma 

below the newest dissepiment, and the columella. A!l the re^tt ia in contact with soft tiaauea. The month and tentaofet 
are shown. 

IH, A diagram of the hard part$ of a corah Thf hvuig; tissues onlj' cover the portion above the topmost exothecal and 
cndothecal diasepiments. The base is pedunculute. and embraces a foreign substance ; the cnlumella springs from the 
inside of the baie» and ia in contact laterally witli the pali. The !!eptat wall, co^tic, etidothecal and evothccal diaiepi- 
mcnta, are aho^vu, and the trace of an epitbeca quito externally and infcriorly also. 

[\h Corallites of a Sareintth '^ (after Milne-Ed warda and Jules Hiime), united hy peritheca; the costs are rudimentary. 
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^ * Hrii. Fois, Coratsp* tab. ii, - *' Corah of Maltese Miocene," 'Ann. Ma^. Nat, ilist.,' », 3, vol. jit, pi. x^. 

^ ' tint. Foss. Corah,' lab. i, fig. 5. * Duncau and Wall, Jamaica, "Quart, .lour, Gcol. Soc,,' Feb, 1865, 

^^ Duncan and Wall, up. cit. ^ ■ Ann. des Sciencea Nat.,' 3me scrie, " ZooL," inrn. ii, pL x, tig. 2. ^ Ihid., phii, fig, 7- 
^ Duncan, *' Fos*. Corals af West Indies.'* 'Quart, Jour. Geol. Soc.,' Nov., Sh^kJ, vnh jcis, p, iv, 
'^ Duncan, '* Fo5s. Corals of .^nfitrahan Tertiarifi,*" * Ann. Mag. Nat. Hist./ bt."pt.t iHfij. 

^" ' Bnt. Fois. Corals/ part Hi. ^* * Ann. iles St'i. Nat./ ui siijjrii, lutu. is^ p. 6X 

*^ * Foss. Corals of West Indies/ part ii, pi. iii. '■* * Ann. des Sci. Nat./ ui supra, torn, x, pi. vL. 
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TO ILLUSTRATE THE STRUCTURE OP CORALS. 
Fig. 
1 to 8, and fig. 19. The aoft parts of Cladocora easpitosa^ (after Jules Haime). Fig. 4. The tentaculM, 
tentacular disc, mouth, and radiating lines on the lijps. Fig. 3. Magnified new of a 
section of part of a tentacule ; the arrangement and nature of the nematocysta and of the Inga 
transparent vesicles of the verrucose prominences are shown ; the structure of the internal lajer, 
with its colour-bearing cells, is also shown. Fig. I. A portion of the terminal aweiling of a 
tentacule ; the two kinds of nematocysts are Tery well seen. Figs. 5, 6, 7, 8. Nemfttocpte 
of the terminal swelling. Fig. 2. The tubular processes attached to mesenteric folds ; thflj 
are covered with cilia, and contain nematocysts. Fig. 19. A portion of a tentacule, mi^jiii- 
fied, showing the terminal swelling and the verrucose swellings. 

9, 1 1, 12, 15, 18, 20.2 The soft tissues of Caryophyllia clavus (borealis). Fig. 12. The polype attached 
to a Ditrupa by a fine peduncle ; the costae are seen to be covered with a transparent tiisoey 
which gives them a rounded outline ; the tentacules overlap the calicular margin, and are fiilly 
expanded (slightly magnified). Fig. 9. The tentacules of various orders fully expanded, the 
central mouth, the lips, and the disc immediately around them, with the radiating lines, are 
shown. The hard parts of the calice are completely covered and hidden. Fig. 11. A 
magnified view of the tentacular disc, the tentacules not being fully expanded. The aepta 
are seen, but are covered with soft tissue. The mouth, lips, and disc, with the radiating lince, 
are shown. 

15. The top of a tentacule, magnified, showing scutiform processes analogous to the verrucose projectioiia 

of Cladocora, Figs. 18 and 20. The same processes, highly magnified. 

10. The tentacular discs^ of the corallites of Heliastraa cavernosa, magnified. The mouth is projected 
on a truncated process, and the tentacular development is small. 

13. Lithophyllia CubensU^^ in the living state. The costse are quite hidden by the soft parts, and 

the large disc, with its central mouth and radiating lines, is seen. The base is very broad. 

14. Colpophyllia gyrosa^^ from a living specimen. The three mouths to a part of a serial calice. 

16. Manicina areolata^^ showing the relation of the tentacules to the mouths in the serial calice. 
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TO ILLCSTRATE THE STRUCTURE OF CORALS. 

1, 2, and 7. Tbeae illastrate the nature of syDapticutie, from a pedes of Micmhucia and Mtfeedivm. Tbt 
cross bars are not in the nature of diiBepiments, and must not be coDRtdered to be the upper surf aces of 
very oblique or nearly vertical diaiepiments. 

3. Corallite^ of Ahet^pora dfedalira^^ ehowing the regular perforatloai in the wallj conitituting the specie 

a *^ perforate" or poro&e coral. 

4. The perforate septa and walla of Lithartta Websteri^ Compare these cribriform septa with those of 

Sphenotrochus interniediug in Plate I, fig. 5. 

5. The wall, septa, and false columella ^i Ahtopora feneMtrttta^ 

6. The structure of the septa of the aame coral seen longitudinally. They consist of a simple aeries Df 

projectioBSi &nd do not form a cootinuous plate or lamina. 

S, The calice of PociUopora erassommoBa^^ showing a horiiootal ditaepiment (a tahula) cloamg th« 
calice below. It is marked by faint septa near the calicular margin ; the cccneuchyma external to 

the ealiee is very dense and granular, 

9* A diagram of a longitudinal eectiou of the same species. The tabula with arched aaperior surfaces 
and the dense cccuencbyma with its granules are shown. 

10. The tubuliform structureH marked across by lines are corallitea of Helwliie* Murchisoni i the t&hulte 
represented by the lines are close ; the wall of the corallites h Tery slender, and there is mach 
cellular coenenchyma between the corallites. 

[ L ' A loogitudinal section of a tabulate coral, a Favosites, There ia no ooe bench y ma, but the walla are 
fused* 

12. Calices of Heliolites interstincta^ magnified. The ca^nencbyma is celltUar. 

13. Calices of an AheQlitea. 

14 p Perforate walls of a Favontts* 

15. A eatice of Stauria asineaformvt,* with three calicular hade. The quad riseptate arrangement ia very 

evident. Magnified. 

IG. Longitudiiml section of a coral lite of the same speeiea.^ The dense walls, the endotheea forming 
cellular dissepiments externa] ly and horizontal tabula tnternally^ and the septa, are ^own. 
Magnified. 

1 7. The calice of Anisoph^llum Agai^ki^^ magnified^ showing three large ae^ta. 

1 8. The calice of C^athaxonia cornu,'^ magnified. "^ 
1 L*, Tlie calice of AuJacophyUum mitratum? magnified. 

20. The caiice of Pttfckophyllum e^pansum.^ 



1 ' Foas. Corals of West Indies/ pi, siv, 

^ * Ann. des Se, Nat.,' L is, pL v. ^ * Fossil Corals of West Indies/ pt. ii, pi. 5. 

**^ Selected from 'Polyp, Foss. des Terr. Paleo./ MM. Milue> Edwards ta Jules Haime; they are 
intended to illustrate the Introduction which ^ill appear when the palaeozoic species are described. 



PI III 




Sc Mid* IkUi 



CURAT.S 



^i%'a*iir^*- VOL^ 




i 



TO ILLUSTHATB THE STBUCTUM OP COKALS, 
Fig. 

1. Magoi^ed view of part af a traoBverae sectioa of thi^ eoraUiim of Antiifia WalU} The up 

plates aro septa, «nd the lowest stnucture at right anglei to the septa, and which has it«l 
margin somewhat wary, is p&rt of the epitbeca. The stnicture parallel with the epith^f 
separaled from it by the short costee and iDtercoatal &pacei, la the true walL Hi^hfi 
are two tra a averse dense layers of sclerenchyma ; they tpread from septum to septum t^ 
the iuteraeptal loculi and simulate eecou Jary wails. They are highly developed ma«ftea of dii 
meats, whose intercellular spaces have been tilled up with carbonate of lime, 

2. A longitudinal section of part of a coralliLe of Lomdahia Bronnir magnified. The coin toe 

been removed. The tabui© are seen stretching across, byt not interfering with the 
of the septa ; externally, the vesicular endotheea partly prodaeea a false walh The deil 
is showDK 

3 and 4. Examples of inner and oater walU in Rugose corals. 

5. The aepta and the cut edges of oblique dissepiments in a large species of Zaphrmtk 

nature, 

6. Part of a corallite of Zaphrentig gigunieQ? showing the granular epitheca, the slight tnif wall 

septa, and the In terse ptal Joculi, with dissepiments, 

7. Calices and cocnenchyma of Lydlia AmeHcana^^ magnified. 

8. Calicinal gemmation in a Caryophyllia ; it is fatal to the parent, and is accidentah From 

9 and 10, Calicinal gemmation in a Vtfath^kyltum* The normal and the b adding comll 
shown. 

1 1. Calicinal gemmation close to the margiur in the genus Jga^tnea^ magnified. 

12. Fis 91 parous division of calices in Dichoceenia. i 
\'^. FissipafouB division of calices in Leptastr^ta Roi4iyana^^ magnified^ 
14. A serial calice of the genus Thtftanus. 
if). Calices (serial) of a MtBandrina, 

16. An example of extraoalicular gemmation, from nature* 

17. A corallum of Otndina Hakn&k. The centre ia occupied hy the parent stem, and the buds mi 

from it.^ ^ 

18. A section of a branch of a species of Madrepora^ magnified. The parent corallite o^ 

the centre, and the younger arise from it more or less at right angles. The peculiar m 
arrangement of the genus aud the porose condition of the sclerenchyma are showiiwH 

nature* 



' Duncan and Wall, op, cit.p pi. ii. 

" '^ ^ From * Poly piers Fossilea due Terr. Pal./ -M>L Milne- Ed wards et Jule* Haime. 

•• * Ann. des, Sc. Nat./ L x, pK ix. 

'' " Foss. Corals from Sinde/' * Ann. and Mag. Nat. Hist,' &c,, April, IS^M. 
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Solenmtrma ceJfulosa, Duncan. 

1. View of the upper surface of the corfdlnm. 

2. Lateral view, showing the cellular eKotheca* 

3. One system, with its four cycles ; the abundant endotheca \& shown, also the nidU 

mentary costse. Much magnified. 

4. A transverse section of a coraUite close to the calicej magnified. 

5. A lateral view of a corallite covered with exotheca, magnified. 

6. Part of a coraUite above the exotheca, and showing the costse; magnified. 

7. View of the upper surface, magnified. 

Solmmtr^a Koeneni, Duncan. (P, 420 

8. The corallum. 

9. A calice, highly magnified. 

Solemxstrma Heussit Duncan. (P. 43.) 

10, The cornllum, showing the banded exotheca. 
IL Costa?; there is exotheca above and below them. 

12. Upper surface of corallum, highly magnified, showing the granular surface of the 
upper layer of the exotheca, the banded structure of part of the exotheca, and the 

ealices, 
IS. Upper surface of corallum, worn. 

14. Exotheca, cellular and banded. 

15. Side view of one of the septa, magnified. 

16. One system of septa, showing five cycles. 
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Fig. 

1. The coral lunip a side view. 

2. Corallites showing the method of gemmation, slightly magnified. 

3. CostsL*, magnified. 

4. Two corallites, united by exotheca, magnified. 

5. A view a little below the calice, magnified, 

6. One of the septa ; the lateral processes join endothecal dissepiments. 

7. Granular and endothecal markings on the side of one of the septa, magnified. 



Soienmfr^a Beyrichi, Duncan 

8. The corallum, its upper surface- 

9. Lateral view of corallites and exotheca, silightly magnified* 

10. One of the septa, showing the thick wall and inclined endotheca, magnified. 

11. Costae, thick wall and septa, magnified. 

12. Transverse sectioHj close to a calice, magnified. 

13. A deformed calice, magnified. 

Solenadr^ta granulaln^ Duncan. (P. 45.) 

14. Upper surface of a worn eorallum, 

15. Cellular and banded exotheca uniting corallites, magnified 

16. Corallite wall without exotheca; exotheca in cells and bands; the costas are 

shown. Magnified. 

17. Transverse sectioji of a corallite, magnified. 

18. The septa at the calicular margin, showing the paliform lobe, magnified* 
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Balancphyllia ffranulata^ Duncan. 
Fig. 

1. The corallum fixed to a shell, 

2. General view of the costae, magnified. 
8. Larger or inferior end of the costae, magnified. 

4. Costae higher np^ magnified, to show their granules. 

5. The rough and elevated granidar surface of the smaller costaSj magnified. 




Lobopsammia eariosa^ Goldf., sp. 



6. Lateral view of a coraUum. 

7. Costae, magnified. 
9, A coraUomi with fissiparous calicea, 
9. A fissiparous caliee, magnified. 

10. The base of a corallum. 



Jwopora Michelini, Duncan. (P, 50*) 

11. Corallum. 

12. Magnified view of calices, with the columella and coeuenchyma. 

13. Magnified view of corallitcs in longitudinal section. 

14. Columella, tabulae, and ccenenchyma, highly magnified. 

15. Longitudinal view of corallites in longitudinal section, magnified. (Figs* 13 and 15 

are from a variety.) 

LithamBa Brockenhirsti, Duncan. (P. 49.) 

16. Calices, magnified. 

17. A calice, highly magnified. 
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Madrepora An^lim^ Duncan, {P. 51*) 

Fio. 
I. Tbe corallum. 



2. Group of calices from the end of an aborted branch; the union of opposite priosaiy 

septa is well seen. Magnified. 

3. A diagram of the septal arrangement^ the wall, and the faint costee, 

4. Slightly projecting calices^ separated by much papillate coeneuchynia, magnified. 

5. One of the calices, magnified, showing the papiUate coenenchyma also. 

6. Longitudinal section of two eorallites and the bitervening coenenchymal eelk % tlie 

papillae on the surface are shown. Magnified. 

7. Magnified view of a projecting tubuliform calice, with cosIbb ending inferiorly in the 

ccEnenchymal papillse. 

Madrepora Roemeri^ Danean. (P. 51.) 

8. The coalesced branchei of part of the corallum, 
0. Diagmm of the septal arrangement* 

10. A tubuliform calice, with projecting costae, magnified. 
I ] . A branch (worn), magnified. 



Madrepora Solanderij Defrance, (P- 5L) 

* 

\-l. Part of a corallum. ^ 

13. Group of calices, magnified. 

14. Group of calices and surrounding granular ccenenchyma, magnified. 
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Fig, 

L 
2. 



CoraUumi nntural size. 
Corallum, liighly mugDified. 
Calice, magtitfiecl. 




CORALS FROM HlGH-CLlFF, BROOK, DRACKLE8HAM, BRAMSHAW, AND BAfiTO5. 

Tarbinolm afinh, Duncan. {P. 54*) 



f 



^thM aoital markings are ebown in fig. 2. 

Tttrhinolia emirftta, Duucan. fP. 55.)/ 

Comlluiii, tiatural aize. 

The aaniCj highly magnified. 

The calice, highly luftgnified, ahowing the projecting costcCi tlif thin walK and the small coTumdJi. 

7. The nidiraentary exothecJi on the aide of one of the coBtte, and ils attachment lu ihe thin wall* Tllfr 

portion of the wall is at the bottom of an intercosttal apace. Magnide^. 

TurhinoUa Fmbmiy Duncan. (P. 55.) 

8. CoraUnm, natural si^e* 
ft. The same, mngnified ; the rudimentary coatee are seen between those well developed, tlost* to the 

calicular margin* 
1 0. Calice, magnified, showing the irregular aeptal arrangement, tha rudimentary costtx^, and the nngulaf 

ehnpe of ihi? columella. 
1 K A part of a calice, highly magnified, to ahow the rudimentary and the perfect eoata^j tl^^ radimrntary 

coatfe are sharp ^ and have no septa, 

Parac^aikm Ilaimei^ Duncan* (P, 59.) 

12. Corallum, natural size. 

13. The calice, magnified. It is worn. 

14. CoatDc^ magnified. The exutheca is shown. 

Trochocjialhm Judcui^ Duncan, (P. 67*) 

1*5. Corallum. 

IG. Calice, magnj^ed. 

17* Que of the septa joined to a costa, fihowing the spinules ; magnified. 

Paracyathm c^Undricus^ Dnncan. (P, 58,) 

18. Corallum, natural size ; adnlt. 

19. Young corallum. 

20. Cnlice^ magnitied. 

21. Side view of a magnified septum, showing the large grauulea. 

Oculina incrusians, Duncan. (P. 60.) 

22. Part of a coraUum, slightly magnified* 

23* Part of a corallum, showing the faint costal striae and the ahsence of granules ; slightly magnified. 
24, Gahee. much magnified. 
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Fig. 

1. CoraUum. 

2. The cftiice, magnlBed. 

3. One of the septa, magnl^eJ, to show the Lateral Apinales and the wavy ahape. 

4. Cofltae, magQitied (at the calicular margiti). 



Oculina Weiherelli, Duncau, (P. 60.) 
Carallitea, showing the broad base. 




5.^ 
6.| 
7- The calice, magnified. 

Forites panicea, Lonsdale. (P. 63,) 

8> Comlhrn. 

9. Calices and interCKiicuIar tissue, magniBed. showing the coluiBeUa, pali, aad graiiulen, 
10* The inter- corallite tiaane, tDagnified. 

Dendram Lomdalei, Duncan. {P, 62.) 

1 1 . CoraUum, natural lize. 

12. Calice, highly magnified^ ahnwing the grnnulei around the calico. 
13* Tran&vefBc section of a hrauch of the corallum, showing its reticulate appearance. 

14. Intercalicular or coeneuchymal granules, highly magnified. 

Bendropkyltia ekgam, Duncan. (P. 61.) 

15. Corallum. 

16. A calice, highly magnified. 
17- The method of gemmation. 
IS. CoBtt£, Dear the calicea, magnified. 

19. Costse, near the base, magnified. 

Awopora Fisheri, Duncan. (P, 04.) 

20, Corallum. 

2 1 , Calices and intercalicular tissue, m^ignified. 

22. A calice, columella, and coenenchyraa, highly magnified. 
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PART L 



INTRODUCTION. 



The history of the Fossil Crustacea of the British Islands cannot any longer be 
spoken of as a neglected subject. 

Apart from the numerous papers thereon which have appeared in the various 
publications of the day, no fewer than ten Monographs of this class have been 
issued by the Palaeontographical Society alone,^ and one by the Geological Survey 

^ 'On the Cretaceous Entomostraca/ by Prof. T. Rupert Jones, F.G.S., &c., 1849. 
'On the Tertiary Entomostraca,* by the same Author, 1856. 
*0n the Fossil Estheriae,' by the same Author, 1862. 
'On the Fossil Lepadid©,* by Charles Darwin, F.R.S., F.G.S., 1851. 
'On the Fossil Balanidee and Yerrucidae,' by the same Author, 1854. 
•On the Crustacea of the London Clay,' by Prof. Bell, F.R.S., F.G.S., &c., 1858. 
'On the Crustacea of the Gault and Greensand,' by the same Author, 1862. 
' British Trilobites,' by J. W. Salter, A.L.S., F.G.S., 1864. 
„ Part ii, by the same Author, 1865. 

Partiii „ 1866. 




2 BRITISH FOSSIL CRtTSTACEA, 

of Great Bntain -J to this latter work especial reference will frequently be madi 
hereafter. 

The Crmlacea are inchirled in tlie aub -kingdom Articulata, and are characterised 
by a body divided into rings or segments, more or less distinct and ujoveable, and pro 
tected by a horny or calcareous exo-skeleton, provided with articulated limbs arranged il 
pairs, usually five^ to seven^ in number. 

The cjass is essentially aquatic, breathing by branchiae^ and, although some member 
subsist on land, their organs of respiration are true branchise, and quite dissimilar froi] 
the tracheae of insects. 

Before attaining the adult condition the marine species pass through a series of 
embryonic rhanges, apparently more numerous in the higher forms.* Every part thai 
is present in the larva, though not permanent in the individnal, is to l)c found in a perJ 
manent condition in one or other form of adult Crustacea of a lower order than that to 
which it belongs.^ 

Even after arriving at the adult state the shelly envelojie is not permanently i^tainedJ 
but is exuviated as often as the growth of the animal necessitates its enlargenieut, \l 
the perfect Insect, on the contrary, the exo-ske!eton is retained, and no increase of growti 
or reproductioji of lost appendages takes place in the imago, as among mature Cmstacea. 

(Previous to describing the order which forms the subject of this Monograph, it will 
be well to speak of the type on which the class is constructed. By the * type,' we under- 
stand that example of any natural group which possesses all the leading characters of than 
group. For it must l>e borne in mind, that every division of animals, whether i^ertebrate 
or invertebrate, necessarily includes within its limits genera most dissimilar from the type- 
\ form upon which the class is constructed. No one, for example, would select the 
Ornifhorhf/nchus as a typical mammal, or the Apteryx as a typical bird, the tunicated 
Bofryllus as a typc-moUusk, or the Balanm as a type-crustacean. 
, Indeed, the type of any class or order is not to be sought for at the extremity of the 
\ series, but near the centre. 

Ur. Milne-Edwards^ writes, "The normal number of segments is twenty-one.*' . . . 
** By general consent and usage three regions are recognised in the bodies of 

' 'Memoirs of the Geol. Survey of the United Kingdom,* Monograph I, 1859. "On the Anatomy 
and Affinities of the Genus Pterygotus** by Prof. T. H. Huxley, F.R.S., &c., with '* Descriptions of the 

Species," by J. W. Salter, F.G.S., A.L.S. 

- In the Decapodu. » In the Isopoda. 

^ The land and freshwater Decapoda. as well as the sessile-eyed forms, apparently undergo these 
embryonic changes in the ova, the young nearly resembling the parent when excluded from the egg. See 
also Prof. Bell's " Hist. Brit. Stalk-eyed Crustacea,' Introduction, pp. xUv — xlvi ; and Prof. Owen's 
Lectures, 1855, pp. 334-342. 

^ Spence Bate, "On the Development of Decapod Crustacea," 'Phil. Trans.,* 1858, p. 602. 

♦^ See article Crustacea, by Dr. Milne-Edwards, in Todd's * Cyclopaedia of Anatomy,' vol. i, 1836', 
p. 754. 
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these animals — ^a head^ a thorax, and an abdomen ; and from this custom we shall not 
depart, although we must avow that these denominations are only derived from very 
clumsy views, and are calculated to convey false impressions in regard to the nature and 
composition of the parts so named, by leading the mind to liken them to the grand 
divisions entitled head, thorax, and abdomen, in the Vertebrata. 

" Nevertheless, with the exception of the objectionable names, the division of the body 

into three regions is not less a fact as regards the organization of the Crustacea ; and the 

one and twenty rings of which, as we have said, their body consists in the type to which 

ever}' member of the class may be referred, are generally found divided into three equal 

series of seven, each of which may be held as corresponding with one of the three regions." 

Dr. Dana, in his great work^ on the Crustacea, distinguishes this class from the 

Tnsecta by its possessing a cephalothorax and an abdomen; the former having 14 

segments, the latter 7. 

The views of Mr. C. Spence Bate^ and Mr. J. O. Westwood^ diflPer but little from, 
those of Dr. Milne-Edwards. Mr. Spence Bate * objects even more strongly to the use j 
of the names * thorax ' and ' abdomen,' as applied to Crustacea, than Milne-Edwards, 
and recommends instead the terms 'pereion**^ and 'pleon,'*as less calculated to mislead 
the student as to the homologies of the divisions of the body. But any names, however/ 
well devised, must fail to meet all the requirements of a class so diversified in its various 
orders as this. The frequent interblending of a part, or the whole, of the segments of 
the second division of the body with the head of the animal, necessitating a term like 
* cephalothorax ' to express it, has been the chief reason for their retention, and long 
usage must command a certain amount of respect even for a "clumsy" term J 

Prof. Huxley, in his lectures on the Crustacea^ divides the body into 6 cephalic, 
8 thoracic, and 6 abdominal segments or somites. He considers the caudal segment, or 
telson, not to be a segment, properly so called, but a peculiar median appendage \ thus 
ireducing them to 20 in all. 

We give these several views on the adjoining page, and shall discuss their applica- 
bility as we proceed. 

1 'United States Expl. Exped. 1852, Crustacea,* by J. D. Dana, vol. xiii, part i, p. 21. 

2 See ' Brit. Assoc. Report,' 1855, by Mr. C. Spence Bate, "On the British Edriophthalma;' p. 27. 
' C. Spence Bate and J. 0. Westwood, on * British Sessile-eyed Crustacea,' part i, p. 3, 1861. 

* C. Spence Bate, "On the Development of Decapod Crustacea,' 'Phil. Trans.,* 1858, p. 590. 
> ^ From irepaiow, to walk about. 
^ From wXifOy to navigate. 

7 The terms ' head,' ' thorax,' and ' abdomen' are still retained by Entomologists for the class Insecta, 
^^bough some of the objections to their use in the Crustacea also hold good in that class. 

8 ''Lectures on the Crustacea," by Prof. T. H. Huxley, F.R.S., 'Medical Times and Gazette,' 1857, 
I^- "507. 
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III. 
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VII. 



VIII. 



IX. 



X. 

XI. 
XII. 

XIII. 
XIV. 



XV. 

XVI. 

XVII. 

XVIII. 



XIX. 



XX. 



XXI. 




BIirriSH FOSSIL CRUSTACEA, 

ARRANGEMENT AND NOMENCLATUBE OF THE SEGMENTS 01 

{According fo Ik 



I. Segsients of the l^^k^ {Edwards^ 
Bell, &c. &c.) 

1. BeariDg the Eyca, 

2. „ f, Antennoles, or luteroal 

Anttnivffi. 

3. „ H Hxt^rnd Antennie. 

4. ., ,r Mandibles. 

5. ,, «, let Maxillae. 

6. „ „ 2n(l 



7. M M MaxilUpedi, 

tl. SeaVENTS OP THE TroRAX, 

1. Bearing tbe 2nd Maiillipede. 

2. .» M 3rd „ 



3.1 

4. 
5. 

C. 



1. 
2. 
3. 
4. 



Eitber fumiahed witb orgaus of 
prehension or Ambulatory or 

Natatory append iige». 



III. ABnoMEW- 



Usually fnruUhed witb swimming 
fet^t, or false abdominal feet ; 
rndimenUiry m ibe Braebyura; 
braticbiferona in Squilta ; ovige- 
roua iu tbe femAlefi of nearly all 



7. Cnudftl segment deJititute nf apjien- 



L 



ni, 

IV, 
V. 

VI, 



vn. 



VIIL 



IX. 



X. 

XL 

XIL 

XIIL 

XIV. 



XV 

XVI. 

XVII. 

XVHI 



XIX. 



XXI. 



1, SiaK J£|4Ta OF TEE CePH k hOTBOKkM 

1. Opbtbalmte Segment. 

2. Iflt Antennary „ 



3. 2nd 

4. MftBdibular 



7^ 



5tb to 14 lb Segments, MeutiUary, 
^ atid Podal^ 10 poira. 



10, 

IL 
12. 
13. 



16 

ir 

18, 



IL Abbomen. 



15th to 19th Segment, bearing 
abdominal feet* 



19. 



XX. i 20. J^egment, bearing caudfll nbtinmi- 
ual append ages, 1 pflir. 



i 1 St. Or caudal segment without 
pendage^. 



•J 



' Prof. Bell considers the extremely minute and moveable 
points attached to the extremity of this segment in PaUemoti 
nerratus to be a pair of rudimentary appendages. — [See 
Introduction to 'Bell's Hist. British Stalk-eyed Crustacea/ 
p. XX, 1853.] 



- " Crustacea have a cephalothorax, but not a head"— 
Dana, on Homologies of Crustacea. — ' United States Explg- 
Expedition,' Crustacea, vol. xiii. p. 21, 1852. 
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ODY.RINGS OF THE CRUSTACEA, WITH THEIR APPENDAGES. 
nncipal authorities.) 

I. Cephalic Somites (Huxley). 



I. 
II. 



III. 
IV. 

V. 

VI. 



VII. 



VIII. 



IX. 



X. 

XL 
XII. 
XIII. 
XIV. 



XV. 

XVI. 

J[VII. 

CVIII. 



XIX. 



XX. 



XXI. 



I. Cephalon. 
(C. Spence Bate).^ 

1 . Somite or Segment, bearing the Eyes. 

2. Ditto, bearing the Ist Antennae. 



3. M » 2nd Antennae. 

4. „ t> Mandibles. 

5. I, », 1st Maxillae, or Ist 

Siagonopoda. 

6. „ „ 2nd Maxillae, or 2nd 

Siagonopoda. 

7. „ M Maxillipeds, or 3rd 

Siagonopoda. 

II. Peeeion. 

1. Bearing the Ist pair of appendages 

or Gnathopoda, or 4th Siagono- 
poda. 

2. The 2nd pair of appendages or 

Gnathopoda, or 5 th Siagonopoda. 

3. The 3rd pair of legs, or 1 st Pereiopoda. 

4. „ 4th „ 2nd 

5. ,, 5th „ 3rd „ 

6. „ 6th „ 4th 

7. „ 7th „ 5th „ 

III. Pleon. 

1. Ist Natatory legs or Ist Pleopoda. 

2. 2Dd „ 2nd „ 

3. 3rd „ 3rd „ 

4. IstCaudal appendages, 4th „ 

or 1st Uropoda. 



5. 2nd 



6. 3rd 



5 th Pleopoda, 

or 2nd Uropoda. 

6 th Pleopoda, 

or 3rd Uropoda. 



7. Telson, Terminal joint, or middle tail- 
piece. 



I. 
II. 



III. 

IV. 

V. 

VI. 



VII. 



VIII. 



IX. 



X. 

XI. 

XII. 

XIII. 

XIV. 



XV. 

XVI. 

XVII. 

XVIII. 



XIX. 



XX. 



(21.«) 



1. Somite, bearing the Eyes. 

2. „ „ „ Antennules. 



3. 
4. 
5. 

6. 



„ Antennae. 

„ Mandibles. 

„ 1st MaxiUae. 

„ 2nd „ 



11. Thoracic Somites. 
1. Somite, bearing 1st Maxillipeds. 



» n 



2nd 



3rd 



.. 



4th to 8th Somites, bearing Ambu- 
latory legs. 



III. Abdomen. 



l.^ 
2. 
3. 
4. 



Each Somite furnished with a pair 
of appendages. 



6.) 



''Telson," or median appendage, not 
furnished with any articulate limbs /^^ 



1 See Report on the '* British Edriophthalma " (' British 
^^coe. Report' for 1855, by C. Spence Bate, when these 
^noi were first introduced. See also ' History of British 
^eaaOe^ed Crustacea,' by C. Spence Bate, F.L.S., and 
^ 0. Weitwood, M.A., F.L.S., Part i, p. 3. October, 1861. 
' Van Voorst 



* '* The last segment never bears true appendages, and is 
developed subsequently to the others from the dorsal sur&ce 
of the body. Hence we are justified in regarding it, not as a 
somite, but as a peculiar median appendix to which the special 
name * telson' [C. Spence Bate] may be applied." — See 
Prof. Huxley's Lectures, * Medical Times and Gazette/ 1857. 
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We have seen that the geDerally accepted type-number of body-ringn, or somites, is 
twenty-one ; but in the fossil Trilobita} and the recent PhyUopoda and Branchiopoda^ 
we have histances in which a larger number of segments occur. On the other hand, we 
occasionally meet with forms, both recent and fossil, in which one or more segments are 
never developed ; but in general their apparent absence is due to their coalescence, and 
we shall frequently find indications of this if we bear in mind the theory of Oken, that 
each pair of appendages indicate a separate segment. 

In the illustrations of recent Crustacea which we have given on Piute IX we have 
numbered the somites of figs, 1, 2^ 3, 4, and 5, so as to show at a glance how many 
segments are united to form the head in each^ as indicated by the figure placed upon it. 

The restored figures ol Pter^ffotus auffUcmf Ag., Plate Vlllt are also similarly numbered. 

" In the embryo these segments are formed in succession from before backwards, so 
that, when their evolution is checked, the later, rather than the earlier rings, are those that 
are wanting ; and, in fact, it is generally easy to see in those specimens of full-grown crns- 
taceous animals whose bodies present fewer than twenty<»ne segments that the anomaly 
depends on the absence of a certain immber of the most posterior rings of the body/*' 

Just as we find a typical number of twenty-one body-segments to prevail among the 
Crustacea, so also in the appendages, the type number of joints is seveiij any departure 
from which is disguised by fusion of one or more joints together, the obsolete condition of 
others, or the depauperization of the limb into numerous articuli. [C. Spence Bate,) 

The walking leg of a Decapod Crustacean (sec woodcut, fig* 1), or the maxillipede* of 
Pterygotm anglicm (see woodcut, fig* 2)^ will serve as illustrations of limbs having the 
type-number of joints, which we will designate as follows : 



Coxa 

Basoif 

Ischium 

Meros 

Carpus 

Propodos 

Bactylm 



, 1 

. 2 

, 3 

. 4 

. 7 




Fig. 1. Walking leg of 
Decapod. 



Fig. 2. Jaw-foot of 
Pterygotus? 



1 See Mr. Salter's Monographs on the Trilobiia, Fal. Soc, 1864-6. 

2 Milne-Edwards, * Todd's Cycl. Anat.,' Article Crustacea, p. 753. 

s 'Ectognath' of Prof. Huxley, * Geol. Surv./ Mon. I, 1859, p. 19. 
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These terms, used by Mr. C. Spence Bate^ for the several joints of the Umbs of 
Crustacea, are merely abbreviations of Milne-Ed wards's terms coxopodite, basipodite, &c., 
coxoffnathite, himgnathite, &c. The appendage may be a podoite, or ^gnatUte ; but it 
seems superfluous to repeat the term at every joint, especially in treating of the limbs 
of Pterygotus, which are gnathopodites, or jaw-feet. 

The common Lobster and Prawn are very good typical forms ; but it is impossible 
to offer in one view any general classification of the appendages of Crustacea which 
is suitable to the whole group ; for the limbs, subservient to one purpose in the Decapod, 
fulfil a totally different function in the Stomapod or Branchiopod ; or the segments them- 
selves are so welded together in the one, and so separated in the other, as to require much 
careful examination in order to discover their homologies. 

Indeed the only segment that may be said to be persistent, is that which supports 
the mandibles, for the eyes may be wanting, and the antennae, though less liable to 
changes than the remaining appendages, are nevertheless subject to very extraordinary 
modifications, and have to perform functions equally various. Being essentially and 
typically organs of touch, hearing, and perhaps of smell, in the highest Decapods, they 
become converted into burrowing organs in the Scyllarida, organs of prehension in 
the Merostomata, swimming organs and claspers for the male in the Cyclopoidea, and 
organs of attachment in the Cirripedia. 

Not to multiply instances, we have presented to us in the Crustacea probably the 
best zoological illustration of a class, constructed on a common type, retaining its 
general characteristics, but capable of endless modification of its parts so as to suit thej 
extreme requirements of every separate species. 

And it is doubtless in some degree due to this plasticity of structure, enabling the 
species to occupy such diverse positions, and to subsist upon such varied aliment, that 
the class owes its preservation through the lapse of ages represented by the long series 
of geological formations, from the very oldest Silurian strata to the present day. 

It is interesting to review the long and laborious methods by which the frag- 
mentary fossil remains of the ancient order of the Eurypterida have, by the labours of 
Agassiz^ M'Coy,' Hall, Huxley, Salter, and others, been made, after frequent read- 
justment, not only to fit together correctly, so as to furnish us with a notion of their 
Hving forms, but also to take their appropriate places in the class and order to which 
they belong.* 

As I shall have frequent occasion to refer to the published labours of these gentlemen 
in the course of this Monograph, I will not further allude to them here. 

The additional materials which have accumulated during the past eight years suflS- 

1 ' Phil. Trans.,' 1858, p. 604. 

2 See Messrs. Huxley and Salter's 'Monograph,' already quoted, pp. 1 — 11. See also article by the 
^rriter "On the Seraphim and its Allies," in the ' Intellectual Observer,' 1863, vol. iv, p. 229. 
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ciently explain the necessity for the commencement of a fresh Monograph, ajid I am 
happy to state, that, in undertaking it I have reoeived the approval and kind assistance of 
my scientific colleagues, both in the British Museum and in the Museum of PracticHl 
Geology ; and those gentlemen whose collections can best illustrate the work in hand 
have obligingly opened their museums for my use and reference. My warmest thanks 
are due to Prof, John Phillips, M.A , D.CX., &a, and Mr. C. Spence Batc% FR.S., &c.^ 
who, since the meeting of the British Association at Bath in 1864, have willingly aitled 
me in my researches in the British Fossil Crustacea. 

All assistance received will, I trust, be found duly acknowledged in its proper place. 

The present part forms only the first chapter of the history of the 3fero8tomata^ but it 
has been considered desirable to issue this instalment on account of the number of plates 
needed to illustrate the entire group, and the consequent delay caused by their pre- 
paration. 



CLASSIFICATION OF THE MEROSTOMATA; 

I have experienced considerable difficulty in proposing a classification for this remark- 
able group that may appear to differ to any extent fmm the conclusions of the eminent 
zoologists who have preceded me in this work ; but having the advantage not only of 
being able to consult and compare their published labours, but also of examining 
immerous specimens in a far better state of preservation than any hitherto examined 
or described in this country, I venture to hope that the following arrangement — with such 
modifications as may be deemed needful during the publication of the remaining parts 
of this Monograph — will be found to accord, not only with the general and detailed 
structure of the group and their family relationships, but also as an appropriately framed 
order of the great Crustacean class. 

^ This name (derived from firjpos, a thigh, and oTofxa, a mouth) was proposed by Dr. J. D. Dana in 
his great work ou the Crustacea (18r>2) already quoted, but is adopted here for a much larger group than 
was contemplated by him. I prefer to enlarge a group proposed by so eminent a carcinologist, to the 
alternative of introducing a fresh name or the adoption of one which, though older, is inappropriate, 
having been founded upon an incorrect view of the structure of the fossil forms it included. (See p. 24, 
paragraphs 2H and 3.1) 
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Order— MEROSTOMATA, Dana, 1852. 

Having the mouth furnished with mandibles and maxillae, the terminations of which 
become walking or swimming feet and organs of prehension. 



I. Sub-Order — Eurypterida, Huxley, 1859. 

Crustacea with numerous free thoracico-abdominal segments, the first and second (?) 
of which bear one or more broad lamellar appendages upon their ventral surface, the 
remaining segments being devoid of appendages; the anterior rings united into a 
carapace bearing a pair of larval eyes {ocelli) near the centre, and a pair of large marginal 
or subcentral eyes ; the mouth furnished with a broad post-oral plate, or metastoma, and 
five pairs of moveable appendages, the posterior of which form great swimming feet ; the 
telson, or terminal segment, extremely variable in form ; the integument characteristically 
sculptured. 



II. Sub-Order — Xiphosura, Gronovan, 1764. 

Crustacea having the anterior segments welded together to form a broad, convex 
luckier, upon the dorsal surface of which the compound eyes and ocelli are placed, the 
former subcentrally, the latter in the centre in front ; the mouth furnished with a small 
labrum, a rudimentary metastoma, and six pairs of moveable appendages. Posterior 
segments of the body more or less free, and bearing upon their ventral- surfaces a series 
of broad lamellar appendages, the telson or terminal segment ensiform. 

Note. — Having long been convinced of the propriety of expressing in some suitable 
^3ianner the correctness of the conclusions of Professors Agassiz and James Hall as to the 
^lose affinity existing between the Eurypterida and the Xiphosura^ and being fully 
Upersuaded at the same time that they naturally form two distinct, although closely 
^^lated groups, I have ventured to unite them in the Order Merostomata — a name 
proposed ,by Dr. J. D. Dana for the recent King-crabs only, retaining at the same 
time the names Eurypterida and Xiphosura, as sub-orders; sufficient evidence for the 
^5orrectne§s of which I trust to be able to bring forward before the completion of this 
Ponograph. 
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Order— MEROSTOM ATA, Dana, 1B52, 

L Sub-Order — Edrtpterida, Huxley, 1859. 

L ^tery^otm^ Agassis. 

2. Slimonia^ [P^S^) Jl^ Woodw. 

3. Siyionurm, {Pa^e) H* Woodw, 

4. £ti/ypterm, Dekay, 
sub-geous Dolichoptermy HalL 

5* Adelophthdmm^ Jordan, 

Bunodes, Eichw, 

Arthropleurn, Jordan* 

Uemiaspis^ H. Woodw, 

MrapintfTUSt Nieszk, 

Pseudoni^cm, Nieszk* 



6 

7, 

8 

9 

10, 



XL Sub-Order — Xiphosura, Gronovan, 1764 

2, Prestwiclda, gen. nov* 
8. Limulm, Miiller. 



These thirteen genera coiitain about eighty-three species, which will be found in the 
accompanying Tables, with their geological position and locality, and also the geographical 
distribution of each genus as at present ascertained. 

Note. — The divisions given in the following Tables for the Devonian strata must not 
be supposed to represent their absolute geological succession ; they are only intended to 
show approximately the EngUsh and Scotch equivalents for those rocks which are con- 
sidered to be of Lower, Middle, or Upper Devonian age. The succession of these beds 
is even now undergoing revision so as to render their correlation more consistent with 
those of the Rhine, Belgium, and France. 
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BIBLIOGRAPHY 



OF THE 



MEROSTOMATA;* 

WITH AN ACCOUNT OF THE AFFINITIES PEOPOUNDED BY THE 

VAEIOUS AUTHORS. 

{For references see p. 20.) 



1. 1809. Mr. W. Martin^ gave a figure and short description of a Limuloid 
Cnistacean from the Coal-measures, which he included with the Trilobita, and named 
JEntomolithus monoculites ? {lunattis). 

2. 1811. Mr. J. C. Parkinson* figured a similar fossil from the Coal-measures, 
Dudley. 

8. 1820. Mr. Charles Konig' figured a Coal-measure Limulus, naming it Belt- 
nurus bellulus, but there is no description accompanying it. 

4. We find the first notice of the discovery of Eurypterus in America (in 1825), by 
Dr. J. E. Dekay,* who described and figured the only species then known {Eurypterus 
remipes), and referred it to the class Crustacea, and to the orde.r Branchiopoda. 

5. The remains of an English species of Eurypterus (probably two feet in length) 
were described in 1831 by Dr. J. Scouler,^ of Glasgow, under the generic name of 
Eidothea. 

6. Dr, Richard Harlan* published the description of a second American species 
in 1885 {E, lacustris). 

7. Prof. Milne-Edwards,^ in 1834-36, observes, with respect to the genus Eurypterus, 
established by Dekay, " They have externally many points of resemblance to Pontia and 
Cydops, and they also seem to indicate, in some respects, a passage between these 
animals and the Isopoda. The body is broad and more or less pyriform, and the head 
very distinct from the thorax, which is divided into many segments, but is not separated 
by any marked distinction from the abdomen. The head bears on its superior surface two 
reniform eyes, well developed, and distant from each other. Two pairs of antennae have 
also been distinguished ; and whatever other appendages there may be, appertain to the 
mouth. Lastly, on each side of the first thoracic ring one sees a great lamelliform 
swimming-foot, with a rounded termination." 

" Geologists," M. Milne-Edwards adds, " describe three species of Eurypterus, viz., 
E. remipes, Dekay, E. lacustris^ Harlan, and E. Sccnderi, Hibbert." 

* Should any omissions be discovered in this history, I shall feel obliged to palfeontologists who will 
call my attention to them, that they may be inserted in the future parts of this Monograph. — H. W. 
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The Eurypterida are placed by Prof. Milne-Edwards at the end of tlie order 
Cyproidea or Oatracoda. 

8. Dr. S. HiBBERT^ in 1836 referred the crustacean remains described by Dr. Scouler 
under the name Eidothea (1[ 5) to the genus Eur^pterus, with the specific name of Seoul eri, 

9. The Rev. Dr. Bockland/^ in 1836, described a fossil Lhmdus from Coalbrook 
Dale, under the name of X, trihbito%de$. 

10. In 1838 Dr. S. Kutorga** described and figured a head-shield of Limufm from 
the Permian formation of the western slopes of the Ural Mountains (Government of Perm), 
under the name of Z. oculafus, 

11. In 1838 Prof Milne-Edwards" took the opportunity to examine the eggs of 
Zimulus containing the young ones about to be hatched; he found that at this stage of 3t^ 
their development they present very little difference in the conformation of the anterior ^:x:^r 
portion of their body from that which exists in the adult; but the abdominal portion of i^ 
the body bears only three pairs of appendages, and the long styliform tail (tebon), so 
remarkable in the adult^ does not exist at all; the form of the abdominal portion likewise 
is equally different at this epoch. 

12. M. J. VAN DEa HoKVEN,^^ in 1838, gave an anatomical description of Limulmt 
and described four living and six fossil (Oolitic) species ; the latter arc all froni 
Solenhofen. 

13. M. G. Fischer de Waldheim^^ dcBcribed a new species of Eurypterm from 
Russian Podolia, under the name of E. tetraffQmpkthcdmm, in 1839. 

14. In 1840 Mr. J. Prestwich^* described and figured two new species of fc^sil 
Zimtdi, Z. anthrax and Z. rotuntlatus^ from the clay-ironstone of Colebrook Dale 
Coal-field. 

15. In 1840 Count Munster^^ figured and described a fragment of a very large 
Zimulus from the Solenhofen Slate of Bavaria, naming it Zimvlm gigantem. 

16. In 1841 MiiNSTER^^ described and figured an imperfect specimen under the- 
name of Zimulus priscus, which has since been referred by H. von Meyer to his genus 
Halicyne. The specimen is from the Muschelkalk of Wurtemberg. 

17. In 1841 Mr. Conrad,^* in New York, notices a single American specimen of" 
Eurypterus {E. remipes), which he says when perfect had a long spiniform tail, like 
ZimuluSy but more obtuse and finely serrated. 

18. In 1843 Mr. Vanuxen ^ figured a head and first articulation of E. remipes, but 
added no new facts. 

19. In the same year General Portlock"^ figures a specimen said to be from the 
Carboniferous Shale ('' most probably, however. Coal-measures,'' Baily), Maghera, County 
Derry, doubtfully referred to Z. trilobiioides, 

20. Some fragments of a fossil — supposed at the time to be parts of fishes — were 
figured by Prof. L. Agassiz'^ (1844), from the Old Red Sandstone of Forfarshire. 
" Deceived by the scaly aspect of a portion of the carapace, 1 at first," says Prof. Agassiz, 
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'' believed that this might be the type of a peculiar genus of fishes, and to that class I 
referred Pteryffotus in my enumeration of the fossil fishes of the Silurian system, pub- 
lished in Murchison's great work"^* (1839). The discovery of more perfect remains in 
Scotland convinced Agassiz that they must be Crustacea. He adds, "I am rather 
inclined to believe that this singular animal will become the type of a family interme- 
diate between the TrUobites and the Entomodraca, in which, perhaps, the JSurypteri and 
the Mdothea will some day be included." 

21. 1845. The Rev. P. B. Brodie, M.A., F.G.S.,^ in his * History of Fossil 
Insects,' describes and figures a curious fossil in clay-ironstone from Coalbrook-dale 
resembling the Caterpillar of the Emperor Moth {Saturnia pavonia-minor). This has 
since been described (1863) by Mr. J. W. Salter, as Eurypterus {Arthropleura) ferox. 

22. Dr. H. BuRMEisTER,^ in his systematic arrangement of TrQobites, &c. (1846), 
makes the Eurypterida the first family of the tribe Pcdaaday which, he observes, are 
"characterised by the possession of two large compound eyes, by the absence of 
secondary eyes, and by having short undeveloped feelers and soft leaf-formed feet, bearing 
gills," &c. Of the Eurypterida he says, " In these there is no shell. The head, whose 
position is very distinct, bears two pairs of setaceous feelers and one pair of accessory 
parts of the mouth. There are probably nine (?) rings in the thorax, the first of which 
bears a pair of very large rudder-shaped feet, furnished with five joints, and the suc- 
ceeding rings seem to have borne similar leaf-like feet of an equal size. The abdomen 
consisted of three or six rings, and was terminated by a pair of rudder-fins (?)." 

23. 1847. Hugh Miller*^ gives an interesting description of Agassiz's first 
examination of the remains of Pterygotua in Mr. Webster's collection from Balruddery ; 
and he figures a portion of a foot-jaw (supposed at that time to be a tail-lobe). 

24. In 1850 Dr. H. B. Geinitz^ figures and describes a fossil remain from the 
Chalk formation (Lower Planer) of Plauen in Saxony, which he names Inmulus Steinla. 
Not having seen the original specimen, we should hesitate to deny its crustacean cha- 
racter ; but we see no evidence of its aflSnity to Zimulus, judging from the figure given. 

26. Dr. Ferdinand RoEMER,*'in 1851, gave a notice of Eurypterus, in which he 
suggested the affinity of that genus with Zimulus; pointing out, however, the great 
difference in the feet, &c. 

26. Mr. J. W. Salter,'^ in 1852, figured and described two fragments of the chelate 
appendages of Pteryyotus problematicus, Agassiz, from the Upper Ludlow Rock, Here- 
fordshire. 

27. M. Ed. von Eichwald,'^ in 1854, gives figures of Eurypterus tetragonoph- 
tAalmus of Fischer, which — as Mr. James Hall has pointed out— he erroneously ascribes 
to E. remipes of Dekay. He also figures a perfect segment of Pterygotus, which he 
ascribes to Pt. Anglicus, Ag. He considers that Eurypterus and Pterygotus were very 
closely allied genera. M. von Eichwald's specimens are fi-om the Island of (Esel, in the 
Baltic. 



24 



BRrriSH FOSSIL CRUSTACEA. 



28. Prof. F.M'CoY, in 1849,^ and again in 1854,'* thus classifies this group— "Ord 
Entomostraca, Trib. PoBcUopoda. This group being distinguished from other Ento- 
mostraca by having crustaceous, didactyle, ambulatory, thoracic feet, as well as mem- 
branous, respiratory, abdominal ones, is, I think, clearly the place for those remarkable 
genera Eurypterm and Flerygotusy He adds further, " The tribe Pwcilopoda might be 
resolved into two families — 1st, Limuiida — Limtdus; 2nd, Eurypterida — Eurypterm^ 
Pteryyotus, BelUnurm. 

29. Prof. M'CoY^^ also figures and describes the head of Eurypterua cephala^ia, from 
Kendal (PL I e, fig. 21), a somewhat doubtful form. His Pteryyotus leptodactylus is 
founded on the tail-spines of Ceratiocaris, as pointed out by Mr. Salter. 

Like Dr. Hibbert,* he attributes to Dr. Harlan (1835) the genus Eurypterm, which 
was established by Dr. J. E. Dekay * in 1825. 

30. Prof. F. J. PiCTET** (1854) places Eurypterus with the Copepoda, adopting 
Burmeister's^ description. In the Xiphosura he places Limulmj Halycine, BeUinurw, 
and Pteryyotus. 

31. In Prof. Owen's 'Lectures'^* (1855) we find the order Xiphosura placed in the 
sub-class Entomostraca, along with the orders Trilobita and Phyllopoda. 

32. Prof. A. E. Reuss,^^ in 1855, gives a description of what he considers to be a 
new genus of Eurypterids, from the Coal Shale of Bohemia, preserved in the Prague 
Museum. He names it Lepidoderma Imhoffi, but it is certainly a Eurypterm, judging, 
not only from his beautiful plates, but also from a cast sent to us by Dr. Anton Fritsch. 
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living family, and was in aspect more like the larvae than the adult forms of any Crus- 
tacean with which we are acquainted." 

35. Later in the same year Sir R. I. Murchison^ gave an account of the discovery, 
by Mr. Robert SUmon, of a remarkable series of Pterygotian remains at Lesmahago,- 
Lanarkshire, in which he observes that the uppermost Silurian Strata in Russia, in 
England, and in North America, are characterised by the presence of Pterygotm and 
EurypteruSy associated with small LingidtB and other fossils. 

86. 1856. Mr. J. W. Salter*^ follows with a description and figures of a new genus 
of Pterygoti^ viz. HimantopteruSy of which he there gives notice of six species, namely, H. 
maximtis and acuminatm (now united in Slimonia acuminata), H, bilobus, H, perornatm, 
H. Ba7ikm (now referred to Pterygotm) and H, lanceolattis (since referred to Eurypterus). 

37. 1856. Prof. T. H. Huxley^ adds some observations on the structure and 
affinities of Hhnantopterm. The conclusion he draws is that " The nearest approach to 
Mimantopterus which could be constructed out of the elements afforded by existing 
Crustacea would be produced by superinducing, upon the general form of a Cumoid 
Crustacean, such a modification of the appendages as we find among the Zoaeform 
Macruran larvae." In fact, that Himantopterm bears a strong similarity to a larval form, 
but is not itself therefore to be considered embryonic. 

38. In 1856 Dr. H. Jordan and Hermann von Meyer*^ described a curious 
(blind) Crustacean from the Culm-formation of Saarbruck under the name of AdeU 
aphthalmus {Eurypterus) granoms, Jord. ; also the fragment of a second remarkable form 
^which is named Arthropleura armatay Jord. 

39. 1856. Mr. David Page*^ gives figures oi Pterygotua, Himantopterus, Stylonurus, 
and Slimonia, and observes, " Respecting these Crustaceans, their place is altogether 
xmknown in zoology, there being, as it were, an interfusion of phyllopod, poecilopod, and 
c3ecapod, — of brachyurous, macrourous, and xiphosurous forms.*' 

40. In Prof. T. H. Hcxley's** ' Lectures on Natural History,' published November 
7th, 1857, appears the following description of the Eurypterida: — "This group includes 
the Devonian and Silurian genera Eurypterus and Pterygotm, which, though as little 
embryonic in their characters as the Trilohita, are, in many respects, curiously larval. 
These singular Crustaceans attained a very great size, species of Pterygotm of several 
feet in length being known. The body, in those forms which have been most carefully 
examined, consists of a comparatively small carapace, rounded anteriorly, and carrying on 
its upper surface a pair of elevations, which are distant in Pterygotm and approximate in 
^^urypterm, and were, in all probability, the eyes. 

" Ten to twelve distinct segments succeed the carapace, becoming narrower posteriorly 
to the last, varying in shape from lanceolate to oval, and deeply emarginate, probably repre- 
sented a telson. 

" Three pairs of appendages were attached to the carapace in Pterygotm — anterior 
pincer-like antennae ; median toothed mandibles, provided with a large palp ; and a pair 
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of posterior long gnathites, with a large toothed coxopodite, succeeded by a number of 
joints, tbe last of which has the form of an oval palette. These last members probably 
performed the function of locomotive or swimming feel. A considerable epistomial 
region lies in front of the mouth, as in Limuim^ and a large oval plate, emargioate 
anteriorly, covered the mouth in the median line* 

" No limbs have been found in connection with the abdominal somites, nor have any 
detached parts different from those just described been as yet discovered. Many parts of 
the surface of the body and of the appendages exhibit an exceedingly peculiar structure, 
resembhug the conventional representation of feathers^ or the mode in which they are 
represented in the Assyrian and Egyptian sculptures; and it was from this cause, appa- 
rently, that the Scotch quarrymen conferred the title of * Seraphim' upon the Pteryffotus. 

" The liiastyUdm are the only Crmtacea with which I am acquainted which exhibit 
anything similar to this ornamentation ; and in the number of free somites, and the mare 
or less rudimentary condition of the abdominal appendages, this aberrant group of 
Podophtkalmia presents other analogies with the Eurypterida, The carapace, tbe pre- 
hensile antennae, the largely developed jxjsterior gnathites of Pterygotm, are to be 
paralleled among the Copepoda and Xiphosura, from which, however, and indeed from all 
other adult Crmtacea with which I am acquainted, the Eur^pterida differ widely in 
certain other respects, 

" The absence of developed posterior thoracic and abdominal members in a Cmstacean 
possessing the corresponding somites is to be met with, in fact^ only among the Zoseiform 
larvae of the Macrura and Jiravhyura, in which, as we have seen, the proportions of the 
body are not dissimilar to those of the Eurt/pterida^ where the abdominal appendages are 
entirely absent ^ and the well-developed and conspicuous thoracic and cephalic members 
are not more than two or three pairs in number, and consist of antennae and maxillipedes, 
the latter serving as locomotive organs. 

" I conceive, therefore, that the Eurypterida must form a group by themselves, which 
are best understood by combining together organic peculiarities at present found only in 
the Copepoda, the Xiphosura, the Diastyliday and the larvae of Podophtkalmia'' 

41. In June, 1858,*^ Mr. J. W. Salter communicated to the Geological Society 
descriptions and figures of six new species of Eurypterus, and gave an account of the dis- 
tribution of the group. 

42. On the 22nd January, 1859,*® appeared Messrs. Huxley and Salter's grand 
Monograph ' On the Anatomy and Affinities of the Genus PterygoUiSy with descriptions 
of twelve species (pp. 105, 8vo, and sixteen folio plates).* 

43. In the same year a Russian naturalist, Dr. Johannes NiEszKowsKi,t published 

* This standard work will necessarily be so frequently referred to in the pages of this Monograph, that 
it would be superfluous to give a mere extract from it here. Its authors are quoted in clauses 26, 36, 37, 
40, 41,45, 51, and 57. 

t Dr. Nieszkowski'a paper is referred to by Mr. Salter, ' Quart. Journ. Geol. Soc.,* 1863, vol. xix, p. 81 ; 
but the author's name is misprinted VVieskowski. 
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a paper, which he had read in October, 1858, to the Dorpat Naturalists' Society^ on 
Eurypterm remipes from the Upper Silurian strata of the Island of Oesel, Baltic. 
Dr. Nieszkowski gives restorations of the upper and under sides of Eurypterm ; and in 
the latter figure he shows the appendages of the mouth in situ, and tAree thoracic plates 
for the under side of the body. We think this possibly arises from a misconception of 
the median appendage, but shall refer to this paper again when treating of the genus 
Miiypterus. 

44. In a second paper communicated to this society, in October, 1858, Dr. Niesz- 
kowski'^ describes and figures Bunodea luntda of Eichwald, and a new species, which he 
names B, rugoms ; also two new genera allied to Hemiaspis, namely, Ewapinurus Schrenkiiy 
and Pseudoniacua aculeatus ; all these are from the Upper Silurian of Rootzikiill, Island 
of Oesel, Baltic. He has likewise figured a metastoma or lip-plate of Pteryyotus, four 
inches in length and three inches broad, from the same locality. 




Fig 4, Pteryyottu anglicus, Agassis, restored (1859). 

45. The third (second) edition" of Sir R. T. Mijrchison's 'Siluria' (1859) furnishes 
us (besides numerous separate notices of the Eurypterida) with a restored figure, by Mr. 
J. W. Salter, of Pterygotus anglicm, about one twentieth natural size, giving all the 
details then known. 

46. Mr. David Page^^ gives us (1859) restorations of Pterygotus anglicus, Himan- 
topterus acuminatus, Stylonurm Powriei, Stylonurus spinipes, Eurypterm clavipes, Euryp- 
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term Scouieri, and Limulm roiundatus^ all more or less correct. He repeats most of his 
former views^ and makes some critical remarks upon Mr, Salter's restoration, as given ia 
'SUiiria/ which, however, he reproduces, 

47. At the close of 1859 Prof. James Hall,*^ Geologist for the State of New York, 
in his * Report on the Palaeontology of New York/ gives a very excellent account of 
Euryptermj with many figures of the actual fossils and restorations of the genus, also 
figures of the more rare American species of Pkrygoti, Frequent reference will be made 
to Prof. Hairs work in the course of this Monograph. 

48. Mr. W, H. Bailt** describes (1859) some new forms of Limuli from the Coal- 
measures, for which he proposes the names BeUnurm reffinm and B. armatm ; they were 
found in the Bilboa Colliery, Queen's County, Ireland. 

49. In 1863 Mr. C. Gikbel^^ describes a Limuhs, which he names L. Becheni, from 
the Braunkohlen-Sandstein near Teuchem, Prov. Saxony* 

50. 1862, Prof. James Hai^l** figures the carapace of what may possibly be, as 
he suggests, the shield of a Limulm-Xasae. Crustacean in the Potsdam Sandstone, Black 
River, Wisconsin. It has, however, somewhat more the aspect of a crushed Trilobite 
shield than the head of a Limulua. 

5L In May, IS 62, Mr. J- W, Salter communicated to the Geological Society of 
London ^^ descrii)tions and figures of some species of Eiirypterm and allied forms, and 
he there makes the following remarks upon Pteryffotm^ &c* ; 

"Since the appearance, in 1859, of the Memoir by Prof- Huxley and myself on 
Pter^ffotm and its allies, the great work of Prof. Hall, of Albany, has appeared {'Palason- 
tology of New York,' vol. iii), containing the f idlest material for the illustration of this 
genus; and following, as it did, upon the very full account given by Dr. Wieskowski,* it 
has completed our knowledge of the structure of this remarkable genus. And there seems 
to be now no doubt whatever that the anomalous plates and proce8ses,t about the position 
of which Prof. Huxley and myself were compelled to guess, and which for many obvious 
reasons were compared with the under portion of the head, really belong to the imder part 
of the thorax. All this was as satisfactorily made out by the Russian author as by 
Prof. Hall's independent researches. We had also arrived at the same conclusion before 
Wieskowski's* admirable paper reached us. For, previous to the Meeting of the British 
Association at Aberdeen, in 1859, I was sent by the Director- General of the Geological 
Survey to examine the collections made by Mr. Slimon, of Lesmahago ; and in that fine 
series (which was sent to the Meeting for exhibition) we found abundant proofs of the true 
position of the sternal plates, such as Wicskowski* and Hall have figured, and of the place 
of the post-oral plate, previously assigned by Prof. Huxley to the hinder margin of the 
mouth. The position of the chelae in these new specimens also confirmed the Professor's 

* For "VVieskowski read Nieszkowski. See Ante, p. 26, ^ 43. 
t The thoracic plate, or operculum. 
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judgment in assigning them to the antennae or antennules ; and they supported my own 
view, too, as to the existence of three pairs of appendages to the head, exclusive of the 
chelae and the large swimming-feet, which are also, as we learn from the new and more 
perfect specimens found, both in America and Russia, included with the appendages of 
the mouth. 

" The chief new points, I take it, in Prof. Hall's beautiful series are, first, the larger 
number of joints in the great maxillary appendages than was supposed from analogy with 
Pterygotm^ where there are certainly only seven ; and, secondly, the existence of oceUi on 
the dorsal surface of the shield, such as give it a wonderfully Limuloid aspect. But some 
of the Copepoda have similar ocelli ; and as to the affinities, it would be out of place in 
every way to give my opinions when the naturalist is by who first truly studied these 
relations. Whatever corrections better specimens may have led to, the main credit is due 
to him who from fragmentary materials constructed a true hypothesis." 

Mr. Salter describes^^ E.pulicaris from the Devonian of St. John's, New Brunswick; 
a fragment of a species allied to E, Scouleri^ from the Coal-measures, Port Hood, 
Cape Breton ; part of the telson of a Eurypterm (?) from Coal-measures, Nova Scotia. 

He also gives^^ a fresh description (without a figure) of E. Scouleri, Hibbert, and 
figures and describes E, [Arthrojjleura ?) mammatus and E. {Arthropleura) ferox, the 
first from Kirkton, Bathgate ; the second from Pendleton Colliery, near Manchester ; the 
third from the (Penny-stone ?) Ironstone, Coal-measures, North Staffordshire. 

52. 1863. Mr. W. H. Baily^® gives a more complete account of the new Limuli 
from the Irish Coal-measures, and good figures of Belinurus regincB and B, arcuatus. 

53. In November, 1863,^® a notice appeared by the author, with figures, of Slimonia 
[Pteryfjotus) acuminata, in which he showed the propriety of placing this species in a dis- 
tinct genus (as proposed by Mr. David Page), and pointed out many important characters 
by which it is at once separable from Pterygotus. 

54. In 1864 the author described and figured^ Eurypterm lanceolatus, Salter, from 
Lanarkshire, only imperfectly known before. 

55. In the same year he exhibited specimens and restored figures of Siylonurus, Ptery- 
yotus, Slimonia, Eurypterm, and HemiaspiSy before the British Association,^ Bath ; and 
in November he published^^ descriptions and figures oiStylonurm Logani, 8tyL ensiformis, 
Eurypterus Brewateri, and Pterygotus minor, and likewise gave a list of all the then 
known British species, with localities.^^ 

56. In 1865 Sir Charles Lyell^ published an amended figure of Pterygotm 
Anglicm, to supersede that which had been designed by Prof. M'Coy. 

57. In November of the same year the Geological Society" published the author s 
descriptions of Stylonurm Scoticm and Stylonurm Powriei from the Devonian of Forfar- 
shire, and Hemiaspis limuloides from the Lower Ludlow Rock, Leintwardine. 
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Order— MEROSTOMATA, Dana. 
Sub-Order — Euryptkrida, Huxley. 

Genus 1. — Pterygotus, Jyassiz, 1844. 

Although Eurypterua was the first-discovered genus of this sub-order, both in this 
country and also in America, as we have seen by the foregoing history, I have nevertheless 
preferred to commence this Monograph with the genus Pterygotus, as having become 
historically the most important in England ; its affinities having been studied and its 
structure described by such distinguished naturalists and palaeontologists as Messrs. 
Agassiz, McCoy, Salter, Huxley, and Hall. 

The genus Pterygotus not only contains the largest species of the whole order, and 
probably of the whole Crustacean class, but the remains of several of the species are 
exceedingly perfect and complete. Even the great Pterygotus anglicus, which forms the 
subject of this chapter, once only known by a few gigantic fragments, is now capable of 
restoration from almost entire specimens figured in the accompanying plates. 

For the discovery and preservation of these very perfect remains we are indebted to 
the accurate geological knowledge and untiring exertions of Mr. James Powrie, F.G.S., of 
Reswallie, Forfar, who during many years has not only encouraged the quarrymen to 
preserve the organic remains from the " Arbroath paving-stone " and overlying shales, but 
has also personally worked in the quarries of the district for days and weeks together to 
procure specimens. 

No higher testimony can be afibrded as to the value of my friend's labours than by 
referring to the accompanying plates, the materials for which were nearly all furnished by 
his ovni museum, those figured from the British Museum having Ukewise been procured 
and presented by him. 

The great " Seraphim " of the Scotch quarrymen, Pterygotus anglicus of Agassiz,' was 
the first species described' (1844), and is now very well represented, not only in detail, 
by numerous detached organs and parts of bodies, but also by four nearly entire bodies of 
various sizes. 

^ See Bibliography, p. 22, ^ 20. 

* In Marchison's ' Silurian System' (1839), p. 606, pi. !▼, figs. 4 and 5, two fragments of Pterygotus 
are figured and described by Prof. Agassiz under the name of Sphagodtu pristodontua ; these have since been 
referred by Mr. Salter (Mem. Geol. Survey, Mon. I, p. 89) to P. problematietu, Ag. 
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The largest of these measures about four feet in length and some fifteen inches in 
breadth,^ and is preserved in the Arbroath Museum, having been presented to that 
institution by Lord Dalhousie. It was obtained from his lordship's quarries at CarmyUie, 
in Forfarshire. 

The specimen is preserved as an intaglio upon a large slab of Devonian sandstone, 
into which the detached body fits, as into a mould, exhibiting both the upper and under 
surfaces of eight of the body-segments united together. The head is wanting, but a 
portion of the base of a foot-jaw (maxillipede) belonging to the right side remains ; the 
operculum or thoracic plate is also partially preserved. 

The next largest example is from the Turin Hill Quarries, Forfarshire, and 
was presented to the British Museum by James Powrie, Esq., F.G.S. It is but 
very slightly distorted, and exhibits the natural roimded form of the dorsal surface 
of the body in an admirable manner. Ten of the body-rings are preserved 
united, measuring twenty-seven inches in length by about ten inches across the widest 
segment. 

The third, which is figured on PI. I, fig. 1, is twenty-three inches in length and seven 
inches in its greatest breadth ; it was obtained from the same locality as the one last before 
mentioned. In this specimen the ventral surface is exposed to view, exhibiting the 
inetastoraa or post-oral plate (;;), presen^d upon the slab nearly in its normal position, 
with a portion of the left maxillipede by its side, suggesting the probability of the head 
being also concealed in the matrix beneath. The operculum, or thoracic plate (o), with its 
central lobe (c), is seen in situ overlying the first and second body-segments. The tnmk is 
nearly entire, and only shghtly compressed along the right side. The telson {t) \& 
detached from the last segment. These three specimens are destitute of heads and 
appendages (save the two median appendages mentioned), but they serve well to illustrate 
the general form of the body at three different periods of growth. The first and largest 
woiiltl, if restored, represent an iiidivichml about five iv\.\t in length ; tlic second one about 
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head, whilst the remainder are displaced so as to be exposed upon the surface of the shale 
immediately in front of it. 

One of the antennae (c) is well seen, with its large denticulated chela, but only the 
three distal articulations can be discerned. Three gnathites, or jaws, are seen upon the 
right side of the head, and five on the left ; there is little doubt that the two gnathites, 
marked 1, 1, in the figure, although now on opposite sides, both belonged to the right 
side; also one of the detached seven or eight jointed palpi of the gnathites (probably the 
third from the front) on the left side belonged to the right. Figures 1, of the right series, 
and 2 and 3 of the left side, show the gnathites with their palpi attached. The great 
swimming.foot, or maxillipede (5), on the right side, has been twisted round. the wrong 
way, and lies with its inner margin turned outwards. The gnathite marked 4, on the 
right side, probably belonged to it. That on the left side is but little displaced, and 
exhibits the gnathite (5) with its broad rowing appendage still attached. 

The swimming-feet of this specimen exhibit at /, e, a small, somewhat triangular plate, 
imited to the border of the penultimate joint, and overlapping the oval terminal |)alette. 
This has not been observed before in Pterygotm anglicm^ but I had already detected it in 
P. perornatuBy P. dilobus, Slimonia acuminata, and Eurypterm lanceolatm ; and it is 
figured by Prof. James Hall in his history of the American species of Eurypterm} 

The impress of the large heart-shaped metastoma, ox post-oral plate (/»), can clearly 
be discerned in the centre of the head, and the large oval marginal eyes (o, o) are also 
to be observed on the anterior border. Even the outline of the thoracic plate, or oper- 
culum, is seen beneath the first and second segments of the body. 

The immature condition of this specimen is indicated, not only by its comparatively 
small size (eleven inches in length), but also by the extreme thinness of its integument, 
the whole body being folded or crumpled obhquely across the fourth, fifth, and sixth 
somites, and also across the telson or terminal joint. The indications of a central ridge 
upon the three last abdominal segments is but very slight as compared with the same 
segments in more adult individuals. The telson is much narrower in proportion to its 
length, as compared with the large example figured on Plate VI, whilst its extremely thin 
but prominent central ridge is folded down towards the right side of the median line, 
leaving only a faint mark upon its surface. 

On Plate I, fig. 4, is represented a minute but almost perfect specimen, named 
Pterygotm minor (see Geol. Mag., vol. i, p. 199, pi. x, fig. 2), from the same indurated 
shale as the above example, and in a precisely similar state of preseiTation. The eyes in 
P. minor are more within the margin of the head than in the larger specimen (Plate II, 
fig. 1), but we should not place implicit reliance upon this character, as, no doubt, in the 
earliest stage the eyes closely approximated. 

Detached portions and appendages of Pterygotm anglicm. — ^Although for the purpose 

^ 'Nat. Hist. New York/ " Palaeontology," vol. iii, 1859, pp. 397 and 400 
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of obtaining a correct idea of the general form of tlie body and the position of the 
appendages, entire specimens, such as the foregoing, are invakiable, we must not, there- 
fore, omit to study carefully the far more numerous detached portions which have been 
met with, and the separate parts of appendages, as they not unfi-equently offer details less 
clearly seen in the more perfect remains. 

We have only to turn over tbe first seven plates^ and especially to note the beautiful 
series of appendages figured in Plate VI I,^ to be convinced of their great value, not only 
in enabling us to complete our knowledge of the anatomy of these very ancient Crustacea, 
but also accurately to ascertain their proportions. 

The Carapace. — At the period of the publication of Messrs- Huxley and Salter's 
Monograph the only examples of the carapace of this genus were in the collection of 
Lady Kinnaird.^ One of these curious flattened plates is figured at plate iii, fig. 1, of 
that A\'orkj which led to the conclusion that the head-shield was trapezoidal in form when 
perfect (op, cit*, p* 11) ; but the tolerably perfect detached head figured on Plate 1, fig- 2^ 
shows a decidedly semicircular front, as is also well seen in the head of the nearly entire 
but smaller specimen (Plate II, fig, I), in which the posterior angles are also considerably 
rounded ofi" where the carapace is united to the thoracic somites. 

The OTffam of the Head. — lu speaking of the paired appendages of the cephalon, we 
'shall observe the same order as is given for the restored figures of Pter^ffotm an^lims^ in 
the explanation of figs, 1, and 2, Plate VIIL 

The E^es. — Both the detached head on Plate I, fig. 2, and that on Plate II, fig, 1, 
exhibit the large convex marginal eyes upon the antero-latcral border of the carapace j but 
I am unable, in these or in any of the other specimens which I have examined, to detect 
the facetted surface of the cornea. Mr. Salter, however, has satisfactorily made them out 
in tlte specimen from Lady Kinnaird's cabinet, and says (Mon, cit., p. 68,} — "The 
lenses are rather large, about eight rows in one tenth of an inch, and in this specimen are 
rhomboidal rather than hexagonal, at least in arrangement ; this may be due to pressure 
only." (See * Survey Mon.,' pi. iii, fig. 1, la, and 13.) Prof. Huxley observes (op 
cit., p. 20) — " Notwithstanding the peculiar character of the markings upon the corneal 
surfaces of these eyes, I wait for better evidence than I have hitherto met with, before 
deciding that they were really compound, and that these markings indicate corneal 
facets." 

No ornamentation can be detected on the head-shield of the smaller specimen (Plate 11, 
fig. 1), but the surface of the larger detached carapace (Plate I, fig. 2), when magnified, 

' Copied (with the exception of fig. 4) from plates vi and vii of Messrs. Huxley and Salter's Mono- 
graph on the Eurypterida (1859), from Mr. C. R. Bone's very excellent figures. 

2 Ahliough these and other specimens are spoken of in the 'Survey Monograph' as "from the col- 
lection of Lord Kinnaird," I am informed hy my friend Mr. Powrie that it is her ladyship who is especially 
devoted to palaeontology ; and I therefore beg have to associate her name with these interesting specimens 
in the collection of which she has taken so much interest. 
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the palpus are much shorter, and thicker than the succeeding ones, which were subeylin- 
drical and nearly equal in length for the next succeeding three articulation^^, ending wHh 
two short joints, the terminal one being pointed and slightly cun^^ed. The charac- 
teristic sculpture is viaible upon a portion of the surface of the basal joint of these 
appendages (see figs. 5 — 7). 

Tie FctopnatAs, or Ma^iffipedes. — These are by far the most complete and well- 
preserved of any of the appendages met with, and are represented by two basal joints, or 
coxoynathites (Plate I, fig, 3, and Plate IV) ; by a very large penultimate joints or pragma* 
thite (Plate V) ; by an almost entire niaxillipede, or edoynaih {Plate VH, figs* 9, 10), all 
of the natural size ; and lastly, by part of another example (Plate VII, fig. 11}, three fourths 
the natural size. 

These mouth-appendages, which occupy the most posterior position in the series (sec 
Plate II, figs. 1| 6, and Plate VIII, figs. 1, 6), and probably correspond to the first pair 
of maxillipedes in the Decapoda^ and the sixth pair of appendages in LimuiMg (see 
Plate IX, figs. 1, 7), are evidently the most important and powerful manducating organs, 
as well as being also the principal locomotory aiii>endages. 

Prof. Huxley (op. cit., p. 16) thus describes an cctognath : — '* It consists of an 
exceedingly large and expanded^ quadrate, basal joint, produced at one angk into a broad 
curved process, which is obliquely truncHted at its extremity. The truncated edge is 
nearly straight, and is serrated, broad notches separating a number of strong, fiattened, 
pointed denticles, which are continuous with the substance of the joitit^ and not articulated 
with it (see Plates I, fig, 3 m, and IV, m.) 

"The denticles or serrations form a single series, and dimini.'^h in size from one end of 
the series to the other. The smallest is succeeded by the rounded corner in which the 
truncated edge and the concave margin of the serrated process meet. 

'*The surface of the joint and of its process is covered with the squamiform 
ornamentation, and presents in the middle of the margin, opposite to the serrated process 
a deep notch (Plates I, fig. 3 8, and IV, s), which receives the first joint of the long palpi- 
form remainder of the appendage. This portion consists of six articulations, the penulti- 
mate of which (Plate VII, fig. 10, y, and fig. 11, y) is much larger than any of the others, 
is elongated, broad, flattened, and widely emarginate at its distal extremity, where it arti- 
culates with an oval palette-like plate, with serrated edges. 

'' From the form of the articulating edges of the joints of the palpiform part of this 
appendage, I am inclined to think that, as in the chela of the lobster, the plane of motion 
of each joint formed a considerable angle with that of its predecessor and successor, the 
result of which would be a sort of feathering, or screw-propeller motion, of the ultimate 
and penultimate joints during flexion of the limb.'' ^ 

In the recent state these appendages undoubtedly required for their effectual action the 

^ Such an arrangement, in fact, as is to be seen in the limbs of Swimming-crabs (see Plate IX, fig. 8). 
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of Dr. Nieszkowski and Professor Hall/ and corroborates their statements, on the 
evidence of specimens in the collection of Mr. Robert Slimon, of Lesmahagow, Lanark- 
shire.' In a paper published in 1863 I described one of these thoracic plates, which bad 
been found by Mr. Slimon, attached to a very perfect specimen of Slimonia acuminata} 
If any uncertainly still existed as to the position of this organ, its discovery in place, in 
Eurypterus^ Slimonia, and in two species Fterygotua, ought to preclude all further doubt. 

This plate is well seen, in its normal position, t.e. upon the ventral surface of the 
fossil behind the head, and overlying the two first free thoracic somites, in the figure of 
the entire body of Pterygotus, Plate I, fig. \ c ; and it can also be discerned on the 
young specimen figured upon PI. II, fig. 1. We have represented it in the restored 
figure of this species, at PI. VIII, fig. 1, op. 

Portions of five of these opercular plates are figured in the Survey Monograph on 
Plerygoius (PI. iii, figs. 2, 3, 4, 5, and 7), but it was at that time assigned to the head, as 
the conjoined epistoma and labnim, being, as before stated, only known from detached and 
imperfect specimens. This plate (which is closely sculptured with the same characteristic 
scale-like markings as those seen upon the body segments, especially at its anterior or 
attached border) is divisible into three well-marked regions : 1st, a narrow, central lobe, 
rounded at its distal free end, and hastate at its proximal end, which is directed forwards, 
and nearly touches the posterior margin of the labium (Plate I, fig. 1 c). Secondly, two 
wide lateral alae, which are united to the sides of the narrow median lobe, and rounded 
off at their lateral and posterior free borders, but are nearly parallel along the anterior 
margin, by which it was, no doubt, attached to the head. The free extremity of the 
median appendage projects beyond the lateral alae, forming together a border very like a 
bracket, thus : 
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the lateral alae of this plate in Eurypterus to be composed of the sternal pieces of the first 
and second thoracic segments welded together.^ But the thoracic plate, or operculum, in 
the Eurypterida, is formed upon precisely the same plan as in the Xiphosura, namely, by 
the coalescence of the last pair of appendages of the cephalic buckler, and it only lies 
folded close to the under side of the anterior somites. The lateral expansions on each 
side the median appendage are united to it, and really form a part of this pair of modified 
legs, which, in Limulus, beai' upon their inner and upper surface a pair of ovaries or 
reproductive organs. 

In Limtdu8 the operculum (PL IX, fig. 1, 8, and fig. 1 c) is succeeded by five other 
membranaceous anchylosed pairs of appendages, alike to it in form, but thinner, and 
bearing branchiae upon their inner and upper surface. It is reasonable to assume that 
the Eurypterida also possessed these organs, and that, in all probability, the opercular or 
thoracic plate carried the former (e. e, the sexual organs), whilst one or more thinner 
plates, destitute of scale-like markings upon their surfaces, were concealed beneath it, 
as the branchial plates lie hidden beneath the operculum in Limulus, but which are 
extended in the act of swimming. 

The thoracic plate, or operculum, may then be regarded, not as a median appendage, 
like the metastoma, or post-oral plate, but as a pair of coalesced appendages, making seven 
pairs of organs to the head. (See Plate VIII, fig. 1.) 

The body of Pteryyotus is seen to be composed of twelve somites or segments, and a 
telson, or terminal joint ; the surface of both the upper and the under sides is covered 
with scale-markings, which are more numerous along the anterior half of each segment 
than near the posterior border, which is usually plain. The segments gradually increase 
in width from the head backwards to the fifth segment, when they as gradually become 
narrower to the eighth ; the breadth then decreases more rapidly, and the length of the 
segments is considerably increased, until, in the specimen on PI. II, fig. I, the twelfth 
segment is as long as it is wide. The form of the margins of the anterior segments is 
extremely parallel, as well seen in the remarkably fine detached segment figured on 
Plate II, fig. 2, the original of which measures eighteen inches in breadth. 

This was probably about the third segment from the head, and is more than four 
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Epiroen. cs^:^^""^^ .h J^^^^^^^ Epimcrt. 

Sternum. 
Fio. 5. Section of anterior part of the body in Pierygotus anglicus, 

1 Op. cit., 398. 
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times as wide as it is long. It is strongly arched in the centre, and the body at this 
point was not less than three to four inches in thickness. When seen in section it 
presents somewhat the form represented in the accompanying woodcut. (Fig. 5.) 

Two apodemata are directed forwards on either side from the epimera of the anterior 
border of this somite (Plate II, fig. 2, or, a), by which it was evidently united tojiie 
preceding segment. The other body-rings were, in all probability, joined together by 
similar internal processes from the shelly-envelope, affording solid points of attachment 
forthe powerful muscles which doubtless formed — as in the Macrouran Decapod — almost 
the entire bulk of the huge apodal trunk in Pterygotm and its allies. 

As we recede from the head, we find that, at about the seventh, or first abdominal 
somite, the posterior edge becomes more curved, and there is a slight tendency along 
the lateral borders to develop into falcate epimeral extensions. The last three segments 
become slightly keeled along the centre of the tergum, and the border of all the posterior 
segments is somewhat bluntly serrated. 

The very perfect ante-penultimate body-segment which we have figured on PI. Ill, 
fig. 2, having both its upper and under surfaces presented, shows the exact thickuens 
of this somite to have been three inches : an end view gives a section as under. (Fig. 6.) 



Tergum. 



EpimerA. 




Epimert. 



sternum. 



Fio. 6. Section of posterior part of the body of Pierygotut angiieut. 
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except near its proximal or attached end, but it is ornamented with rough, blunt 
squamse and serrations along the lateral margins. 

The telson figured on PL VI is the largest known, and measures nine inches in 
length by seven inches in breadth. 

In describing the divisions of the body in Vterygotus anglicus^ we have spoken of the 
head and the body, avoiding the terms *' thoracic*' and " abdominal somites" as much as 
possible. On reference to the restored figure at Plate VIII, fig. 1, it will be seen that 
there is evidence, according to the paired appendages (see ante^ p. 6), of 7 somites having 
coalesced to form the cephalic division. 

Assuming that all the segments united to form the head are represented by pairs 
of appendages, we have then a true Cephalon ; the 7 succeeding free somites are thoracic, 
the abdomen being represented by 5 sou)ites^ and a telson, or terminal joint. But 
assuming the antennules to be wanting (see antey p. 37), we must conclude the head to 
represent 8 coalesced segments, that is to say, 7 cephalic and 1 thoracic, the latter 
bearing the " operculum," or " thoracic plate " (PI. VII. fig. 1 op). 

In this case only the first six anterior somites will be counted as thoracic, the 
posterior six will be reckoned as abdominal, and the 'telson* will make up the 21 
segments. 

The likeness which Pterygotus ofiers to Limulus is very much strengthened by this 
latter view. As we proceed to the illustration of the other genera belonging to this 
order, we shall be still more strongly impressed with the many points of close resemblance 
which they will be found to exhibit. 

The Merostomala seem, in fact, to present us, in these early times, with a parallel 
group of Crustacea to that embraced in the order Decapoda at the present day ; the 
Macroura being represented by Pterygotus and its allies, the Brachyura by Limulus, &c., 
and the intermediate forms, like Hemiaspis, &c., being comparable to the Anomoura, 

We could scarcely, in the whole Zoological Kingdom, point to a stronger illustration/ 
of the persistence of type than is to be observed in these Palaeozoic forms. J 

From our present knowledge of the almost perfect remains of Pterygotus anglicus, 
and on the evidence of the numerous detached portions of this extinct genus, we are 
justified in concluding that it attained a length of six feet, and a breadth of nearly 
two feet at the widest part of its body. 

From its large eyes, its powerful natatory appendages, and from the general form of 
its body, we may also infer that it was a very active animal. Its great prehensile 
antennae and rows of serrated jaws, further indicate its predacious habits, whilst from its 
size it must have been the shark of the Devonian seas. 

"No existing Crustacean," observes Prof. Huxley, "has so massive a body as 
Pterygotus,'' . . . . " but mass in an active animal involves large muscles, and 

See Dr. Milne- Ed wards' observations on arrested development, ante, p. 6. 
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these require solid poini$ iTappui. Hence, we may cooclude that the integufaent of the 
Pier^^otusj thin and fragile as are its remains, possessed a great amount of firmness in 
the recent state/'* In the living Limuius, the shell is equally thin to that of the fossil 
Piertfffotm, but this leathery integument nevertheless afi'ords attachment to very powerful 
muacles. 

Distribution. — This species is peculiar to the Lower Old Red Sandstone, and has 
been obtained at Balmddery, Perthshire ; at Leysmill near Arbroath, at the quarries of 
the Turin Hills, near Reswallie* at Tealing and Cannyllie, and other places in Forfarshire- 

The specimens figured are from the collections of Lady Kinnaird^ James Powrie, Esq., 
the British Museum, and the Watt Institution^ Dundee. 




PLATE I 




DEVONIAN CRU8TACKA- 

Order — Merostomata. 

Sub-Order — ^Edrypterida. 

Fig. 

1. An almost entire body of Ptery^ofm aiiglicus, Agassiis, the origiiml specimen 

measuring 23 inches in length, preserved on a slab of grey nncaceous sandstone 
from Turin Hill range, Forfarshire. Two thirds natural size. See page 34. 

2. A detached head of Ptet^gotus nn^HcuH^ Ag-, figured of the natural size, showing the 

marginal eyes (e, e). See page 36. From tlie Old Red t?audstone, Forfarshire. 

ia. A small portion of the s^urface of the head, enlarged. 

3. Basal joint of the left maxiUiped of Pterygotiis anglicm, Ag. (natural size), from the 

Old Red Sandstone, Forfarshire. See page 38. 

4. Pterygotus minor, H. Woodw. (natural size), from the indurated shale overlying the 

'' Arbroath Pavmg-stone," Farnell, Forfarshire. See page 35. 



The above specimens are all from the Museum of James Powrie, Esq., F.G.S., 

Resvvallie, Forfar. 
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UEVONUN CRUSTACEA, 



Order — M erostom at a 



Sub' Order — Eurtpterida 



1. Pterygotm an(/fiem, Ag. (oatoral size), fratn the iiidumtcd shale overlying tlje 

" Arbroath Paving-stone/* Turin Hill range, near Forfar. One of the most entire 
specimens obtained. See page 34. 

The dorsal surface is exposed to view; but the organs of the mouth, &c., are 
seen impressed through the integument of the head-shield. 

From the Museum of James Powrie, Esq., F.G.S., Reswallie, Forfar. 

2. Pterjigotus cmglicus, Agassiz. Probably about the third, or fourth body-segment of a 

very large individual, the original measuring 18 inches in breadth and 4^ in 
dej)th. P'rom the Devonian of Forfarshire. See page 41. 



The original specimen is preserved in the British Museum. 
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PLATE III. 

DEVONIAN CRUSTACEA. 

Order — Merostomata. 
Sub' Order — Eu ryptkri d a . 



Fig. 

1. A metastoma or post-oral plate of Pterygotm angllcm, Ag., figured of the natural 

size, from the Devonian of Forfarshire. See page 39. 

2. Antej)enultiriiate body-segment (corres|)onding in position to the segment marked a 

in fig. 1, Plate I); the upper surface is here represented of the natural size. 



From the Devonian of Forfarshire. Sec page 42. 
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PTEI^YGOTUlS ANGLICUS, AacLSsi^ (ruxl si£e) 



FORFARSrilRr. . 



A/A/f /z'cuiAoM \mt> 




Order — Mkrostomata 



Sab- Order — E u rt Hii: Ri ii A 



Basal joint of a left maxilliped (or ectognath) of Pter^oius nnqlicusi^ Agassiz, figured 
of the natural sixc, from the Devonian of Forfarshire. See page 3S- 

m, the toothed mandibular border; a, the point of articulation for thu proximal end of the 
swimming-foot* (See Plate VIII, fig. 1, 6.) 



The original specimen is preserved in the British Museum. 
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Order — Merostomata 



Sub- Order — Eurtpterida 



Fig. 

1 — 4 Represent the detached penultimate joint of the swimming-foot or maxiUipede 
(jproffnatMie, Huxley) of Pterf/^otus ant^Hcus, Agassiz, from the Devonian of Tor- 
farshire. Figured of the natural si^e. (See pages 38 and 39,) 

1 Represents the outline of the joint aa seen from the under surface. (See Plate VIII, 
fig. 1, 6.) 

2. Side view of same, exhibiting the upper surface and the ridge (r) ; p, proximal 

articular surface ; d, distal extremity, to which the oval terminal palette was 
articulated. 

3. View (foreshortened) of joint as seen from the proximal end (/?), showing the under 

side and the ridge (r) upon the dorsal surface, somewhat bent over to one side. 

4. Section (drawn from careful measurement) of about the centre of the joint, showing 

the thickness of the internal portion, (r represents the ridge, as in figs. 2 and 3.) 



From the Museum of James Powrie, Esq., F.G.S., of Reswallie, Forfarshire. 
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PTERYCOTUS ANCLICUS Aqass,x fNai- SlXi 
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The largest telson or ternuiml joint which has yet been discovered of Pter0otm rinffiicmsA 
Agassiz. From the Old Red Sandstone near Forfar. Figured of the nataralj 
size. See page 42. 

The distal border of the penultimate joint, to which it was attached^ k 

indicated in outline. 

From the Collection of James Powrie, Esq., F.G.S., Reswallie, Forfar. 
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DEVONIAN CRUSTACEA. 

Or^ — ^Merostomata. 

Sub- Order — Eubyfteeid A- 

Appendages of PterygQtm angliam^ Agassiz. Copied (with the exception of fig. 4) froin 
Plates VI and VII of Messrs. Huxley and Salter's Monograph, from the admirable 
drawings of Mr. C. R. Bone. 

Fig. 

1. One of the chelate antenna, the largest known. From Forfarshire. 

From Lady Kiiniaird's Museum, Rossie Priory, Perthshire. 

2. Another specimen, smaller than fig. I, but having three of the articulations presei^ed, 

p. 37. 

3. Chelate termination of an antenna, having the extremities of the chelae preserved, 

p. 37. 
From the Watt Institution^ Dundee. 

4. Antepenultimate joint of antenna, natural size. From ForfarshirCj p. 37. 

In the British Museum 

5. One of the mandibles or maxillae (endognath, Huxley), with the first three joints of 

its palpus, p. 37, 

From the Watt Institution, Dundee. 

6. Another similar appendage from the opposite side of the head, with four joints of the 

palpus preserved. 

From the Museum of Lady Kinnaird, p. 37. 

7. A detached mandible or maxilla, differing somewhat in form from figs. 5 and 6, p. 27. 

From the Watt Institution, Dundee. 

8. The second and third joints of a large palpus, p. 37. 

From Lady Kinnaird's Museum. 
9 & 10. A maxilliped (ectognath, or swimming-foot), having the several articulations 
nearly all united to the broad basal joint, which has, however, been broken off 
at its serrated border, and is restored in outline at a, p. 38. 
From the Museum of Lady Kiimaird. 
11. Part of a very large swimming-foot reduced to three fourths its natural size. The 
letters refer to the corresponding joints in fig. 10, p. 38. 
From the Museum of Lady Kinnaird. 

All these specimens are of the natural size except fig. 11. 
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Order — Merostomata, Dana. 




Sub' Order — ^Etjrtpterida, 

Fig. 

1. Under side of Pferyffotm an^licus, Agassiz, restored, 

2. Upper side of ditto. 

Fig. 2. /. Larval eye-spots {oeelii). 
„ \. m. The metastoma or past-oral plate. 

„ I, op. The operculum (representing the coalesced pair of appendages be- 
longing to the vii^'' somite), 
„ 1. a. Anal aperture* 

Figs. 1, 2. 1. The eyes, 

2. The chelate antennse, 

3. The mandibles (endognaths, Huxley), 

4. First maxillse ( ditto „ ), 

5. Second ditto ( ditto „ ). 

6. MaxilHpeds (ectognaths, „ ). 
i, i. Position of small somewhat triangular plate united to the border 

of the penultimate joint, and overlapping the oval terminal 
palette. (See page 35.) 

vii. The head-shield, bearing the ocelli (/) and large compound eyes 
(1, 1), and the operculum, or thoracic plate, which covers the two 
anterior thoracic somites (viii and ix) upon their ventral surfaces. 

viii— xiv. Thoracic somites. 

XV— xix. Abdominal somites. 

XX. The ' telson ' or terminal segment. 
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3. 
4. 




5. Pirai maxilhe. 

6. Second mixilJse. 
7> MaxilUpeda. 

B. OpercttlLim (ct>veric»g reproductive orgafti)* 
9—13, Brinehial plttes. 



liLUSTRATlOKS FEOM EECENT CEUSTACEA 

Fig. 

1. Under side of Limulus pot^phiEmu^^ ^, f^om eaatern ahores of North America. ' One third oittirtl 

size. Drawn from a dried sped men. ^ 

1. The oephalia shield bearing tbc lesallc ef es upoa 

its upper surface, (The eyea, of coune, cinnot 

be seen in this view.) 
Inner or first tntenoee or iDtennuLeB. 
Second antennse. 
Mandibles. 

1 a. Modified antenna of male Limutu4 potyphmmm. 
1. Basal join it with its palpas.f?. 

1 6. A detached maxiUa of same, sbowiug tlic palpns, p. 

1 c. The operculum of ItMu/uj pott^p/usmus, detached. The position of the ovaries is indtcati^d by the 
dotted lines at a; d, d, detached articulated nppendageB, which in Pierygotu^ are welded together 
and form one coalesced median appendage, but remain bllobed at their cxtremltir iii Eurjpterus, 

2. Calanus curtus, Dana, $ , * United State* Exploriog Expedition,* Cmjfiaceu — Cydopoidea, vol xiv^ 

part ii, p. 1059, Atlai, plate lixii, fig. 10. Sooloo Sea, weat of Panay, and Straita of Brines, 
east of Sumatra. 

3. Coryc(BU8 cramusculm, Dana, $, 'United States Eiploring Expedition/ Crustacea — Vtfdopoidea, 

part ii, vol. xiv, p. 1214, Atlas^ plate Ixxxt, fig. 7. Soloo Sea, weat of the Island of Panay. 

4. Sapphirina ovato-lanceolata, ? , Dana, 'United States Exploring Expedition,' Crustacea^Cyclopoidea, 

part ii, vol. xiv, p. 1251, Atlas, plate Ixxxvii, fig. 15. Atlantic, off the harbour of Rio Janeiro, 
lat. 23° S. ; long., 41° West. 

5. Canthocamptus linearisy ? , Dana, * United States Exploring Expedition,* Crustacea — Cyctopoidea, 

part ii, vol. xiv, p. 11 88, Atlas, plate Ixxxiii, fig. 9 a. From the sea, among the Fejee Islands. 

6. Larva, or Zoea, of Carcinus McBnas, Penn., immediately as it, quits the ovum. 

7. Larva, or Zoea of ditto, after the first moult. 

Figs. 6 and 7 are copied from Mr. C. Spence Bate's paper on the "Development of Decapod Crustacea,' 
Phil. Trans., 1858, p. 589, plate xl, figs, a and B. 



1. The eye. 

2. Tlie anterior antenna. 

3. Posterior antenna. 
1. Mandibles. 

5. Anterior maxilla. 

6. Posterior maxilla. 



8. Anterior gnathopoda. 

9. Posterior gnathopoda. 

10. Rudiments of pereiopoda, or walking-legs. 

16. Indications of sexual cliaracter? 

21. Telson. 



8. Swimming-foot of Polybius Ilenslowi. 



NTOGRAPH^ Soc 



?1 




E. Fielding aelctlifli- 



■p"WkMer Hsp- 



.. I I. oT-n AT-iriMc rnnwA n c r ^ K\"r rRV\^Tt^C,^LK 



THE 



PALJIONTOGRAPHICAL SOCIETY. 



INSTITUTED MDCCCXLVII. 



VOLUME POE 1865. 



LONDON; 



MDCCCLXYI. 



A MONOGRAPH 



OF THE 



BEITISH FOSSIL BRACHIOPODA. 



PART VII. NO. I. 

coisTxnrrsQ 
Pages 1—88; Plates I— XII. 



THE SILURIAN BRACHIOPODA. 



BY 

THOMAS DAYIDSON, F.R.S., F.G.S., 

XBMBXB OF THB GXOLOOIOAL SOCIETIES OF FSAITCE, BSINBITBGH, AlTD GLASGOW ; MEICBBB ^TBAKGXB DB L'UIBTITt'T l>Fb 

FBOTUrCBS, FIULI^CB, AND LnOTBAlT SOCIETY OF ITOBHAITDY; nCFBBIAL KINE&ALOGICAL SOCIETY OF ST. PXISBSBURG ; 

BOYAL ACADEMIES OF BELGimf AND OF BAYABIA; BOOIET^ BOYALE HOLLANDAISB DBS SCIBNOU, HABLEM ; 

BOYAX SOCIETY OF LliOE ; ACADEMY OF ST. LOUIS ; AMEBICAN FiriLOSOFHICAL SOCIETY, 

FHILADBLFHIA ; ZOOLOGICAL SOCIETY OF TIENNA; FALfiONTOGBAFHIOAL SOCIETY 

OF BELGIUM, ETC 



WITH 

OBSERVATIONS 

ON THE 

CLASSIFICATION OF THE SILURIAN ROCKS: 

BY 

SIR RODERICK IMPEY MTJRCHISON, Baet., 

K.C.B., D.C.L., M.Am F.B.S., F.G.S., 

DIBECTOB-GENEBAL OF THE GEOLOGICAL SUBTEY OF GREAT BRITAIN AND IBELAND; FBESIDENT OF THE BOYAL GEOGRAPHICAL 

SOCIETY OF LONDON ; TBUSTBE OF THE BRITISH AND HUNTERIAN MUSEUMS, AND OF THE BRITISH ASSOCIATION 

FOB THE ADVANCEMENT OF SCIENCE ; COBBESPONDING MEMBBB OF THE INSTITCTTE OF FBANCE ; 

MEMBEB OF THE IMPEBIAL ACADEMY OF SCIENCE, AND GEOGRAPHICAL SOCIETY OP 

ST. PETEBSBUBG ; HON. MEMBEB OF THB BOYAL ACADEMIES OP BEBLIN, 

COPENHAGEN, STOCKHOLM, BRUSSELS, MUNICH, HOLLAND, 

TUBIN, ETC. 



LONDON: 
PRINTED FOR THB PALiEONTOGRAPHICAL SOCIETY. 

1866. 




J. K. ADLAni), BARTHOI.OMKW CLOS'E. 



/ 



BRITISH 



SILURIAN BRACHIOPODA. 



PRELIMINAEY OBSEEVATIONS. 

Wb now conclude our series of Monographs by treating of the Brachiopoda of 
the Upper and Lower Silurian strata ; including therein all that vast series of deposits 
which, commencing at the base of the *' Lingula-flags," extend to the uppermost 
bed of the " Ludlow Series." This important subject has attracted the serious atten- 
tion of many distinguished geologists as well as palaeontologists ; and at my request 
Sir Roderick Murchison has kindly written, as an Introduction to the present Mono- 
graph (p. 19), a concise account of his classification of the Silurian rocks, which will 
enable the reader better to understand the distribution in time and space of the many 
species we shall have to describe. 

It is well known to every geologist and palaeontologist both at home and abroad, 
that prior to the pubUcation of that truly classical and splendid work, 'The Silurian 
System,' in 1839, but little attention had been given in Great Britain to the fossils of 
the Lower Palaeozoic period, and but few of the species had been correctly described and 
illustrated. Not so, however, upon the Continent, where a certain number of the 
beautifully preserved Swedish, Russian, and other Silurian forms, had for many years 
previous to the appearance of Sir R. Murchison's celebrated work attracted the keen 
attention of Linnaeus, and afterwards of others, who, in several works to be named in the 
sequel, had both figured and described a considerable number of Brachiopoda, of which 
a certain proportion were subsequently found to be identical with those so abundantly 
spread in the Silurian deposits of this country, as well as in those of many other regions. 
But in no instance had any foreign naturalist indicated the exact place in the geological 
series occupied by these ancient remains. In England prior to the publication of * The 
Silurian System* very few of the Brachiopoda of that extended period had been 

1 
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( described or illustrate^ ; and indeed it is chiefly in James Sowerby*s * Mineral Conchologj 
Jof Great Britain* for the years 1813, 1822, and 1823, and in a paper by the same author, 
/published in 'The Transactions of theLinnean Society' for 1815, that some seven Silurian 
Vforms of Brachiopoda were for the first time correctly illustrated.^ 

During several years prior to 1839, Professor Sedgwick and Sir R. Murchison had 
devoted much time and labour to the study of the Lower Palaeozoic rocks, the one in 
North Wales, the other in the English and Welsh counties once occupied by the ancient 
Silures.* From these districts Sir R. Murchison had obtained an immense assemblage of 
fossils, which, with the exception of the Trilobites, described by himself, he wisely placed 
for description in the hands of the most competent palaeontologists in England. These 
fossils were consequently stratigraphically arranged, described, and illustrated on the prin- 
ciple laid down by W. Smith, in his memorable work, 'Strata identified by Organic Remains/ 
The Brachiopoda, which are the only fossils we require here to refer to, were therefore en- 
trusted to Mr. J. de C. Sowerby, who was not only enabled to identify a certain number of 
our British Silurian forms with those already described by Continental authors, but also 
made us acquainted with a large number of other species which had not been described 
up to that period. As part of the results of this examination, we may mention the pub- 
lication of a " Stratigraphical List *' in the ' Sil. Syst.,' as well as short descriptions and 
excellent figures of about one hundred species of Brachiopoda, distributed in the various 
geological groups or divisions established and described in the same work by Sir 
R. Murchison; and indeed, so great was the renown and success of the 'Silurian 
System,* that its classification was adopted not only in Great Britain, but upon the Con- 
tinent and in America. It also stimulated further researches in the same direction in 
various parts of the world ; so that the Lower Palaeozoic rocks and fossils, which prior to 
1839 were so imperfectly understood, are now as well known as any of those belonging 
to the other and higher sedimentary deposits, forming part of the earth's crust. 

We will first of all therefore very briefly allude to the most important works in 
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' Report on the Geology of the County of Londonderryi and of parts of Tyrone and 
Fermanagh/ 

In 1846, Prof. M'Coy, in his work, 'A Synopsis of the Silurian Fossils of Ireland/ 
described some ninety species, and of these he figured thirty-three ; but this work, as well 
as those already mentioned and those to be hereafter referred to, will require considerable 
revision as far as the determination or identification of the species is concerned ; for, as 
science progresses, our knowledge becomes extended and improved, and we are con- 
sequently better able to discover and appreciate those characters which separate one species 
from another. 

In 1847-48, in the 'London Geological Journal,' and in the 'Bidletin de la Societe 
G&logique de France,' I described and figured some seventy-eight of our British Upper 
Silurian species, which I had myself in a great measure collected in some of Murchison's 
typical Silurian localities. 

In 1848, in the second volume of the 'Memoirs of the Geological Survey of Great 
Britain,' Prof Phillips and Mr. Salter described and illustrated a small number of 
Silurian Brachiopoda. 

In 1852, in the second fasciculus of his important work on 'British Palaeozoic 
Fossils,' Prof M'Coy described in great minuteness one hundred and eighteen species or 
varieties of Lower Palaeozoic Brachiopoda ; but of these he figured only twenty-five. At 
is much to be regretted, that a larger number of the fossils had not been illustrated, lori/^ 
a good figure is very often more valuable than the most elaborate description; and 
especially so, when forms vary so slightly one from another that it is at times hardly 
possible to adequately express with words small differences which the figure at once con- 
veys to the eye of the experienced observer^ 

In 1854, in his revised ' Catalogue of British Fossils,' Prof. Morris enumerates 
some one hundred and seventy species or varieties ; and in the last edition of ' Siluria,' 
published in 1859, Mr. Salter furnishes us with a list of one hundred and seventy-seven 
species of Brachiopoda, which he distributes in the various stratigraphical groups or 
divisions adopted by Sir R. Murchison in this his last-named very important work. In 
this edition are likewise added, in the shape of woodcuts, figures of several species of 
Brachiopoda which had not been discovered at the time the original ' Silurian System* 
was being printed. We must also notice that in 'The Geologist' for 1859, Prof. Morris 
published a list of British Silurian Fossils, including Brachiopoda, " Stratigraphically 
and Zoologically arranged, with a Reference to a Figure of each Species." To this 
paper is also appended a long list of books and memoirs relating to Silurian and 
Cambrian rocks and fossils. 

In 1866, in the third volume of the ' Memoirs of the Geological Survey,' Mr. Salter 
describes and figures several species of Brachiopoda, in the " Appendix " to Prof. Ramsay's 
** Geology of North Wales." 

Moreover, a few species of British Silurian Brachiopoda have been referred to in various 
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other geological works ; and descriptions antl figures of some new species by Profs. M'Coy 
and Morris, Mr, Salter, Mr, B- Sharpe, Dr, Holl, myself, and others, occur principally in 
the ' Quirterly Journal of the Geological Society/ 'Bulletin Soc. GeoL de France/ and in 
the * Annals and Magazine of Natural History / but these will be referred to more in detail 
in the sequel Some Scottish Silurian Brachiopoda have likewise been described and illus- 
trated by Mr. Salter, in the * Memoirs of the Geological Survey' for 1861 ; and in 1865, 
by Mr. G, C, Haswell, in a little book *0n the Silurian Formation of the Pentland HiUs.' 
Reference to a few Irish Silurian Brachiopoda will also be found in the ' Explanations of 
the Geological Maps' published by the Geological Survey of Ireland. 

We will now briefly mention the principal works published on the Continent and in 
America, wherein SiUman Bmchiopoda have been described and illustrated » and to which 
we have been obliged to refer during the preparatiou of the present Monograph 



SWEDEN. 
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LiNNif;uSj as already stated, appears to have been the earliest author who d^cribed 
Silurian Brachiopoda^ for Bromel and S to has us only give them a passing notice. 

In 1753, in the ' Musieum Tessinianum ' (one vol folio), he enumerates four species of 
Silurian Brachiopoda; but the figures are not good, and it is consequently difficult to be 
certain as to the forms to which they belong. Herr Lindstrom, however, eoosiders 
jHomia mbf^lobom, p* 88, pK v, fig. 6, &C-, to be equivalent to the Jmmites lacmioms of 
Wahlenberg ; Jnomia an^ulis laieralibus dilatatis, p. 90, pi v, flg, 7, &c., is supposedj 
from the description and figure given, to be identical with the species now generally known 
as Spirt/era sulcaiai but which, according to the rules of priority, should bear the name of 
Sp. crispa given to it by Linnaeus in the twelfth edition of his 'Systema.' Anomia 
subrotunda, p. 88, pi. v, fig. 5, is a Rhynchonella.hvX diflScult to determine; while 
Conchidium biloculare, p. 90, pi. v, fig. 8, a, b, is certainly what we now call Pentamerus 
conchidium, as the habitat given is Gothland, &c. But it is in the twelfth edition of the 
celebrated ' Systema Naturae,' the last published by the eminent Swedish naturalist, 
that we find the greater number of Silurian Brachiopoda described. This edition, which 
by universal consent is considered to be the best, was published by Linnaeus in three 
volumes, the first printed at Holmia (Stockholm), 1766, bearing on its title-page 
*' Ed. xii™* reformata." The second volume (named Tomus i, pars ii), printed in 1767, 
contains his notice of the Silurian Brachiopoda, viz., p. 1152, No. 227, Anomia pecten 
(our Strophomena pecten) \ 230, A, reticularis {p^Atrypa reticularis) ; 231, A. plicateUa ; 
232, A. crispa {=. Sp. sulcata) ; 233, A. lacuiwsa {^Bhynchonella JFilsoni, Sow. ?) ; 
240, A. biloba (= Orthis bilobd). Again, it is to Tomus iii, p. 164, printed in 1768, that 
Wahlenberg refers when mentioning Anomites novem-striatus. 

Before (for the present) dismissing Linnaeus' labours, we must refer to Sylvanus 
Hanley's *Ipsa Linnaei Conchylia,' published in 1855, containing his own, the late Mr. 
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Daniel Sharpe's, Mr. Salter's, and my own observations on the examination we made of 
Linnaeus' original types, now in the possession of the Linnean Society of London ; for, 
as is well known, Linnaeus' private collection, his manuscripts, and three interleaved 
copies of the ' Systema Naturae,' were long ago transmitted to England. " The original 
specimens, where large enough, had been inscribed by Linnaeus, either with their names or 
with numerals corresponding to their position in his * Systema ;' the smaller ones had 
been deposited in tin boxes, marked in a like manner ; oftentimes, indeed, the numerals 
were written on both shells and boxes." But I shall in the sequel have to again refer to the 
Linnean species, and consequently need not now enlarge upon the subject. 

WiLHELM HisiNQER is the next Swede to whom we would refer. In the " Minero- 
graphisk Anmarkningar ofver Gotland," in the ' Kongliga Vetenskaps-Akademiens Hand- 
lingar' (" Mineralogical Notes on the Isle of Gothland," in the * Transactions of the Swedish 
Royal Academy of Sciences in Stockholm '), at p. 285, he enumerates six species of Brachio- 
poda under the name of Anomia, viz., J. pecten. A, plicateUa^ A. lacunosa ; but his other 
three so-termed Anomia, — A.farcta, A. gryphm, and A. hysterita, would not, according 
to Linnaeus' original specimens, be Silurian forms (see Hanley's ' Ipsa Linnaei Gon- 
chyUa'). The 'Kongl. Vet.-Ak. Handl.,' 1802 and 1804, contain his raineralogical 
descriptions of the Isle of Oeland and of the Province of Dalecarlia without any notice 
of Silurian fossils. In 1825, in his * Description of some Silurian Fossils from 
Humlenas, in the district of Calmar,' he mentions A. peden. In 1826 in a * Treatise 
on the Geology of the Island of Gothland,' p. 311, the same author enumerates eighteen 
" Terebratulae," and for the first time gives figures of his new species Terebratula crispa (not 
of Linnaeus), T, bidentata, T. cardiospermiformis {=.Orthis biloba). In 1828, in the fourth 
volume of his ' Anteckningar uti Physik och Geognosi under resor uti Sverige och Norrige ' 
(z=: ' Annotations in Physics and Geognosy during travels in Sweden and Norway'), and 
which is also called * Bedrag till Sveriges Geognosi' (' Contributions towards the 
Geology of Sweden), he gives figures, without descriptions, of the following species, 
Leptana euglypha, Dal., Cyrtia trapezoidales, Hisinger, Gypidia conchidium, Delthyris car- 
diospermi/or^nisy His., DeltA. crispa, His., Atrypa prunum^ Dal., Terebratula cuneata, Dal., 
T, bidentata. His. In 1831, in the fifth volume of ' Anteckningar, &c.,' p. 105, he describes 
the Lower Silurian ^^rjjp^ ^(or^a/flj with figure (? Orthia deformata) -, at p. 117, &c., are 
enumerated thirty-three species of Upper Silurian Brachiopoda of Gothland, but which had 
almost all been already described by Dalman, in 1827. There are, nevertheless, the follow- 
ing new forms — Orthis pueilla (= Spiriyerina pusilla, Lindst., or Atrypa disparialis. 
Hall) ; Delthyris sulcata, His. (= Anomia crispa, Linnaeus) ; Beltkyris ? puaio, His. ; 
Atrypa reticularis, var. /3, alata, Atr. aspera, Schlotheim, being by Hisinger considered 
only as a variety of Atr. reticularis ; Atr. tumidula. His. In his ' Esquisse d'un Tableau 
des Petrifications de la Suede,' a list of the already described species is given ; and in 
vol. vi of ' Anteckningar,* p. 8, he briefly describes OrtAis argentea and Atrypa nitens 
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from the Clayslatc (Lower Silurian of Dalecarlia). In 1837 appeared also the *Letha 
Suecica/ wherein are describad twenty- four Upper Silurian species, and eight common 
to the Upper and Lower Silurian Formations, vk., Lepfwna ru^am, L. eug^ypha, 
transveraahe, Ori/tis pecien, 0. eleffantula^ Atrypa Tetiadaru, Terebratula plicaieUa 
T. marffinalis^ and eighteen Lower Sihman only, forming a total of fifty Siluria 
species: of course what Hisinger considered species are in some cases now difierentl^ 
viewed. There is nothing new in the 'Supplementum Secundum' to 'Lethoea Soecica,^ 
published in 1840 ^ hut in the 'Letlisea Suecica; Supplenienti Secundi oontinuatioij 
published in 1841, p. 4, ph xH, fig, 3, a, i, Cardium multuulcatum, His., is given, but i\ 
is a synonym of Pentamerm liratmf Sow, In 1840, volume seventh, and last, 
' Anteckningar/ p. 62^ contains a list of thirty-three (or rather thirty-two) species 
Gothland Silurian Brachiopoda ; at p. 57, a sitiiilar list of six species from Oeland : fron 
Ostrogothia eleven species; p- 71, from Westrogothia six species; and from Dalojarlia 
ten species of Brachiopoda. fl 

A great portion of the above details connected vrith Swedish Silurian Brachiopoda has 
been kindly forwarded to me by my able friend Herr G. Lindstrom, who has bimse 
devoted so much time and care to the study of Swedish fossils, as well as to those 
Great Britain ; and I consider it desirable to give these details, that the reader should 
in possession of the sources from which so many of our own British Silurian names hai 
been taken ; for in no part of the world with which I am acquainted do we find assemble 
more species identical with our own. 

Georg Wahlenbbrg. In his " Petriflcata telluris Suecanae/' published in the ' Act 
Societatis Regiac Scientiarum Upsalensis/ vob viii, p. 63, et seq., 1821, are described 
five Lower Silurian species of Brachiopoda, five common to Lower and Upper Silurian, 
and three Upper Silurian only; total 13 sp. ; and all are mentioned in the 'Lethaea* of 
Hisinger, excepting Anoinites terebratulinus ; no figures are given. 

J. W. Dalman. In the 'Kongl. Vetenskaps-Academiens Handlingar' for 1827 
(Stockholm, 1828), we find Dalman's important memoir " Uppstallning och Beskrifhing 
af de i Sverige funne Terebratuliter" ("Descriptions of the Terebratulites found in 
Sweden" in the 'Transactions of the Royal Academy of Sciences of Stockholm'). In the 
introduction he describes his new genera Zeptana, Ort/iis, Beltliyris, Gypidia^ Cyrtia^ and 
Atrypa, as well as fifty-nine species (exclusive of Crania which he did not consider to be 
a Brachiopod) ; of these, sixteen are Cretaceous, and forty-three Silurian. They are 
accompanied by six plates, subsequently copied by Hisinger in his ' Letlirea/ In no other 
work of Dalraan do we find reference to Silurian Brachiopoda ; his memoirs published in 
the years 1824 and 182G relating only to Trilobitcs. 

N. P. Angelin. " Musaeum Palaeontologicum Suecicum in ordinem redigit, nee non 
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venale praebit, etc./' is the title of a collection that Prof. Angelin arranged and oflfered for 
sale to subscribers. He was then a student of the University of Lund. The specimens are 
arranged in wooden boxes with printed labels ; and on the cover of the parts of Prof. Kroeyer's 
' Nat. Hist. Review/ for 1838, there is published a list of the fifty species, and it was from 
this " Musaeum *' that some names of Silurian species of Brachiopoda have been adopted 
by Herr G. Lindstrom. 

E. DE Verneuil. In 1 847, I took over to Paris a large series of British Upper 
Silurian Brachiopoda that I might compare them with species from other countries that 
had been collected by M. de Venieuil during his many travels. This led my eminent 
friend to examine along with myself a large number of Swedish Silurian Brachiopoda; 
and in vol. v., 2nd series, of the * Bulletin de la Soci6te Geologique de France,' 
p. 339 — 347, 1848, will be found a list of forty-nine Swedish Silurian Brachiopoda, 
of which I figured some of the new species in pi. iv of the same work. 

In 1851, Hr. Sjogren in a geological description of the Isle of Oeland, in the 
* Proceedings of the Royal Academy of Sciences of Stockholm,' gives a list of eleven 
species of Brachiopoda, of which one seems new. In the published account of his travels 
through Sweden in 1858, Herr F. Schmidt, of St. Petersburg, mentions the names of the 
already described Swedish species. 

We now arrive at the last and certainly the most important work that has been 
hitherto published on Swedish Silurian Brachiopoda, and to which we shall often have to 
refer, namely, that by my distinguished friend Herr G. Lindstrom, viz., " Bidrag till 
Kanne domen om Gotland Brachiopoder" published in the ' Proceedings of the Royal 
Acad, of Sciences,' Stockholm, for 1860. In this memoir are described eighty-eight 
species and seven varieties, and several of the new forms are well figured in two accom- 
panying plates ; but of these the author now considers his Cortina mtdtisuicata to be 
Pentamerua liratus, and his Pent, rotundas to be only a variety of P. linguiferus; Slropho- 
mena antiquata, and Atrypa depressUy have since been added to the Gothland list, making 
the known forms amount to ninety species, of which the larger number are found also in 
England. In his Introduction, the author has endeavoured to establish that the Upper 
Silurian Formation of Gothland can really be divided into three groups, equivalent with 
the English Silurian groups, as had already been demonstrated in 1845 by Murchison, and 
later by Fredr. Schmidt. In his memoir, Lindstrom enumerates the Brachiopoda which 
are characteristic of each of these divisions ; for instance. Pent, liratus in the oldest deposit, 
and so forth, as may be seen in the synoptical table appended to the paper, page 390. 
In this author's last memoir, entitled, '' Observations on the Zoantharia Rugosa," pub- 
lished in 1865, he has endeavoured to demonstrate that neither the Silurian nor Devonian 
species of Calceola belong to the Brachiopoda. 

Prof. Loven and Herr Walmstedt, do not appear to have published any thing on 
Swedish Brachiopoda; but Lindstrom has adopted two or three of their MS. names. 
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DENMARK AND NORWAT, 



Nothing tliat I am aware of has teen published on the Brachiopoda in Denmark. 
In Norway, Dr, T. Kjendf, the Director of the Geological Survey, has in his various 
papers gi^en some scanty lists of the fossils; no new species being described. 

RUSSIA 

Is exceedingly rich both in Upper and Lower Silurian Brachiopoda ; and many of its 
species are identical witt our own. These fossils had also attracted the attention of 
Pander and Eichwald prior to the publication of the ' Silurian System ;* but since then they 
have been more extensively studied by several native and foreign palseontologists, who in 
various important works have described and beautifully illustrated the larger number of 
their at present known species, 

M. E. D'EiCHWALB in several works describes and figures many Silurian Brachiopoda. 
For instance, in his ' Zoologia Specialis/ vol. ij published in 1829 ^ in bis memoir, *' Ueber 
das Silmische Schichten-System von Esthland/' published in the ' Journal ffir Natur-uud* 
Keilkunde, herausgegeben von der KaiserL Medico-Chirurg, Academie zn St.-Peters- 
burg/ 1841 ; in the ' Bulletin de la Soc, Imp. des Nat. de Moscou/ for 1864 ; as well as 
in the ' Skizze von Podolie/ 1830 1 but it is in his *' Die Urwelt Russlands/' 1840-42^43, 
and in the '^Lethaea Rossica, Ancienne Periode," 1861, that we find the larger number of 
Russian Silurian Brachiopoda figured and described. 

In 1830, Dr. Christian H. Pander published at his own expense a quarto volume, 
with thirty plates, ' Beitrage zu Geognosie der Russischen Reichs,' in which many 
species of Brachiopoda are both described and illustrated : herein the author pro- . 
poses many new genera ; but of these Porambonites alone has been generally adopted. 
Subsequently, in the third volume of the Academy of Sciences of St. Petersburg, for 
October, 1860, Dr. Pander describes two new genera of Silurian Brachiopoda, which he 
names Helmersenia and Keyserlingia, 

Baron L. von Buch has also alluded to some species of Russian Silurian Brachiopoda 
in the fifteenth volume of the 'Archiv fiir Mineralogie," Geognosie, Bergbau und 
Hutterkiinde/ Berlin, 1840, as well as in his * Ueber Delthyris, oder Spirifer und Orthis,' 
Berlin, 1837. 

In 1845 appeared the celebrated work, 'Russia and the Ural Mountains,' by Sir 
R. Murchison, M. do Verneuil, and Count A. von Keyserling ; and in the second volume. 
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the two last-named palaeontologists give us descriptions, lists, and beautiful illustrations 
of all the Russian Silurian Brachiopoda known at the time of the publication of their 
labours. Count Keyserling, in a subsequent work, 'Reise in das Petschora-Land/ 1846, 
adds some figures and descriptions of Russian Brachiopoda to those already made known 
in 1845. 

Dr. S. KuTORQA has likewise contributed to our knowledge of Russian Silurian 
Brachiopoda, and his memoirs in the ' Dritter Beitrag zur Palaontologie Russlands' for 
1846^ and his paper in the ' Verhandlungen der Kaiserlichen Miueralogischen Gesellschaft, 
fur 1847/ may be particularly noticed, as it contains admirable figures of some new 
genera, and especially of Siphonotreta, Obolus, and Aulonotreta. 

Herr Frederich Schmidt's excellent work, " Untersuchungen uber die Silurische 
Formation von Ehstland, Nord-Livland, und Oesel," published in the ' Archiv fiir die 
Naturkunde Liv-,' Ehst- und Kurlands, 1st series, vol. ii, Dorpat, p. 1 — 248, 1858, con- 
tains lists and descriptions of many Silurian Brachiopoda, of which a certain number 
appear to be identical with those found in Sweden and Great Britain. 

Herr M. von GRUNEWAiiDT has also published descriptions and figures of Russian 
Silurian Brachiopoda in a memoir, " Ueber die Verst. der Silurischen Kalksteine von 
Bc^osslowsk,'* &c., in the 7th vol. * Des Memoires des Savants Etrangers de St.-Peters- 
bourg,* 1854, and in his memoir, 'Beitrage zur Kenntniss der Sediment. Gebirgs- 
formationen in den Berghauptmannschaften Ekaterinburg, Slataust und Kushvina,' 4to, 
1860. 

K. E. V. Baer and Gr. v. Helmersen's 'Beitrage zur Kenntniss des Russ. Reichs und 
der angranzenden Lander Asiens' contains several articles by D'Eichwald on Brachiopoda. 
This work has continued to appear during the last twenty-five years. Silurian Brachiopoda 
have also been described in the ' Bulletin de la Societe des Naturalistes de Moscou,' in the 
Transactions of the Academy of Sciences of St. Petersburg, and in the ' Verhandlungen 
der Kaiserl. Min. Gesellschaft zu St.-Petersburg' for 1842 — 1863, &c. 

Maximilian Hkrzog von Leuchtenberg, * Beschreibung einiger Thierreste der 
Urwelt aus den Silurischen Kalkschichten von Sarskoje.' Selo, 1843. 



BELGIUM. 

But little has been published on Belgian Silurian Brachiopoda ; we may, however, 
mention the following papers : 

2 
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T. 608SELST, * M^moire stir les Terrain primaire de k Belgique/ Ac, 6vo, Pnm) 
1860; 'Bulletin de la Soc, GeoL de France/ 2nd ser, vol xviii, 1860; 'Bulletin 
de rAcad^mie de Belgique,' 2nd ser. vol xv. 

C. Malaise, '* De TAge des PhyUades fossilif£res de Grand Manil pres de Grimlaux ;" 
'Bull, de FAcad. de Belgique/ 2nd ser., vol xiii, 1802; and ' Sur Texistence en 
Belgique de noifveaux gites fossiliferes a Fauna Silurienne/ ib., voL xviii^ 1865. 



GERMANY. 

If we except Barrande, there are but few persons who have published on the Silurian 
Braehiopoda of Germany, although there are various German works wherein Silurian 
Brachiopoda have been generally treated. Amongst these we may mention the following 
few: — ^Two of Leopold von Buch's works have already been noticed under Rc8sia» but a 
few species are ako described in his * Ueber Terebrateln, rait einem Versuche sie tn 
classificiren und zu beschreiben/ Eine in der Konigl. Akad. der Wissenchaften gelesene 
Abhandlung, 1834. 

H. B. Gkinitz's 'Die Verst. der Grauwackenfonnation in Sachsen und den ang^anzendea 
Lander/ &c.| Leipzig, 1853. In this work several Silurian species are described, such 
as Lififfula paraUdoides^ Orthu callactw^ Chonetes atnaiella. 

0. GiEBEL, 'Die Silurische Fauna des Unterharzes/ Berlin, 1858. Here we find 
several of our well-known Upper Silurian Brachiopoda figured and described, such as 
Spirifer crispm, Sp. spurim, Bktfnchondla Wilsoni, Pentamerm Kni^&tii, P.^oieafm, 
Leptana transversal h, Btmna rugorn^ &c. 

F. Rokmkr, in the *' Lethaea Geognostica, von Bronn und Roeraer," Th, ii, 
Erste Periode, pp. 291—3975 1852, describes a few new species of Silurian Brachiopoda, 
as well as in his '* Beitnige zur geologischen Kennlniss des Nordwestlichen Harzge* 
birges" (in Dunker and Meyer's ' Palaeontographica ' for 1850 and 1852. 

In another work by F. Roemer, ' Die Silurische Fauna des Westlichen Tennessee/ 
4to, Breslau, 1860, a good many species of Silurian Brachiopoda are described and illus- 
trated. He has, moreover, traced the extension of the Wenlock fauna from the Island 
of Gothland as far as the Mississippi in America, the fauna of the Silurian strata in 
Western Tennessee being of the same type, whereas that of the corresponding strata in 
Bohemia is entirely different from what we find in Gothland. In a memoir, 'Die Fossile 
Fauna Ober-Silurischen Diluvial,' &c., Breslau, 1861, the same author gives figures of 
Brachiopoda from Silurian erratic blocks occurring in great abundance at Oels, near 
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Breslau, originally derived from Ehstland, and stated to be of the age of the Llandovery 
Rocks. 

M. Barrande's monograph, "Ueber die Brachiopoden der Silurischen Schichten 
von Bohmen," published in the ' Naturwissenschaftlichen Abhandlungen, Wien/ 1847 
and 1848, is by far the most important work on German Silurian Brachiopoda; 
it is illustrated by eighteen quarto plates; but Mr. Barrande informs me that he 
has under preparation another similar but more extensive monograph, wherein some two 
himdred Bohemian species of Silurian Brachiopoda will be described and fully illus- 
trated. I look forward with deep interest to the publication of the last- mentioned work ; 
for, coming from the pen of so eminent and able a palaeontologist, this monograph will be 
in every respect most valuable. 

Among the German authors who have published lists, figures, and descriptions of 
some Silurian Brachiopoda, I should have mentioned various works of E. von 
ScHLOTHEiM, the most remarkable of which is ' Die Petrefactenkunde,' published at 
Gotha, in 1820. Bronn, in his 'Index Palaeontologicus,' published in 1848, gives us 
a general list, with references of all the Silurian Brachiopoda then known to him. Some 
interesting descriptions and figures will also be found in Fr. A. Qurnstbdt's ' Hand- 
buch der Petrefactenkimde,' 1851. 



FRANCE 

Is not rich in Silurian Brachiopoda, and consequently not much has been written there 
upon the subject. We may, however, mention two papers by Marie Rouault, on some 
species found in Brittany and Normandy"; they are published in the seventh and eighth 
volumes, second series, of the * Bulletin de la Soc. G6ol, de France.' In D*Orbiqny*s 
'Prodrome' (1849) will also be found a catalogue of Silurian Brachiopoda compiled 
from then existing materials. 



SPAIN AND PORTUGAL. 

We are chiefly indebted to M. db Verneuil for the little we know concerning Spanish 
Silurian Brachiopoda, and this will be found in the twelfth volume, second series, 1865, 
of the ' Bulletin de la Societe Geologique de France/ With reference to Portuguese 
species, a paper was published by Mr. D. Sharps, in the ninth volume of the ' Quarterly 
Journal of the Geol. Soc. of London.' 
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ITALY. 

No Silurian Brachiopoda have, as far as I am aware, been hitherto found in Italy, but 
Prof. Mbnbghini, in his admirable work on the ' Paleontologie de Tile de Sardaigne/ Turin, 
1857, describes and beautifully illustrates some sixteen species of Silurian Brachiopoda 
that had been discovered in that Italian island by General Albert de la Marmora, 



INDIA. 

A number of Silurian Brachiopoda from the Niti Pass, in the Northern Himalaya, 
have been described and figured by Messrs. Salter and H. F. Blanford (Calcutta, 1865); 
these specimens were collected by CoL R. Strachey (see * Quart. Journ. GeoL Soc»/ voL 
vii, p. 292). 

» 

AMERICA, 

Both Canada and the United States ar*^ exceedingly rich in genera and species of Sibirian 
Brachiopoda, and these have been well described and figured by many palaeontologists, 

Canada and Nova Scotia, — We are especially indebted to Mr, E, Billings^ Palaeonto- 
logist to the Geological Survey of Canada, for many very valuable descriptions and figures 
of Canadian SOurian Brachiopoda. These will be found recorded in pubHcations of the 
Geological Survey of that countiy, — 'Palaeozoic Fossils/ vol. i, 186U65; in the 
' Reports^ for 1856-58 ; as well as in various numbers of the * Canadian Naturalist and 
Geologist' for 1859-60 ; also in the ' American Journal of Science' 1863, &c. Mr. Billings 
has proposed a few new genera amongst the Lower Palaeozoic Brachiopoda. 

Some species from the Silurian Rocks of Nova Scotia have likewise been described and 
figured by Prof. J. Hall, in a paper communicated to the Natural History Society of Montreal 
(' Can. Nat. Geol.'), and afterwards republished in Dr. Dawson's 'Acadian Geology,* 1855. 

United States.^ — No one in America has devoted so much attention to the many 

1 Rafinesque appears to have been the first person (so far as I know) who published anything on American 
Silurian Brachiopoda ; but, notwithstanding all the inquiries which I have made in conjunction with Prof. 
Suess, De Koninck, and J. Hall, I have not yet been able to obtain a certain reference to that author's 
early papers. In the ' Annales des Sciences Physiques,' by Bory-Saint-Vincent, Van Mons, &c., p. 232, 
Brussels, 1820, will be found a memoir entitled *' Prodrome d'une Monographic des Turbinolies fossiles du 
Kentucki,'* in which it is stated, while enumerating the objects collected in America by Rafinesque 
and Clifford, that several genera, such as Madreporites, Favosites, Encrinites, Terebratula, &c., are so nume- 
rous in species that it would not be possible for the author to arrive at a speedy determination of their 
species and characters, since their European congeners have been so imperfectly sketched out. That, for 
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beautiful Silurian Brachiopoda that abound in the rocks of that extensive country than 
Prof. Jamks Hall, State-Geologist; and to his magnificent work, 'Palaeontology of New 
York/ for 1847-52, tlie reader is particularly directed. The same eminent palaeontologist 
has also devoted many pages of the ' Annual Reports of the Regents of the State of New 
York Library, &c.' for 1857-65 to the description and illustration of a vast number of 
new Palaeozoic genera and species of Brachiopoda ; and to these, as well as his * Report 
on the Fourth Geol. District, New York,' 1843, we shall often have occasion to refer. 

Conrad, in the * Journal of the Acad, of Nat. Sciences of Philadelphia,' vol. viii, 
1842 and 1843, and in the * Annual Geol. Reports, New York,' 1838-40, has de- 
scribed a great many species of Silurian Brachiopoda. 

The reader will also find a number of American Silurian Brachiopoda described and 
figured in the following works ; but a more complete list will be given hereafter : 

Emmons, ' Report, Second Geol. District, New York,' 1842-3 and 1859. 

Vanuxem, 'Report, Third Geol. District, New York,' 1842-43. 

F. DE Castelnau, 'Essai sur le Terrain Silurien de TAmerique du Nord,' 1843. 

Eaton, 'Geological Text-Book,' 1831. In this work the author has identified some 
European species, and proposed names for other Brachiopoda. 

Mather, ' Report on the First Geol. District, New York/ 1843. 

example, amongBt the Terebratulse they have observed more than sixty species which required to be located 
in several new genera, such as Oanotrema, Diclisma, Pleurinia^ Stropheria, Strophomena, Clipsilia, &c., 
besides the true genera Productus and Terebratula, &c. It is, however, probable that some of these 
American Sihirian genera and species had been described somewhere by Rafinesque prior to 1820; but 
where and when we do not know. I would, therefore, feel obliged to any person who might be able to 
afford me correct information upon the mutter. Can any of them have been published in Rafinesque's 
'Travels and Discoveries in the West,' Pittsburg, 1818, and announced in ' Silliman's Journal' for 1818, 
vol. i, p. 311, as well as in the 'Giom. Encycl. Sicil.,' or in the same author's 'Atlantic JoumaF? 
These books are rare, and I have not been able to obtain access to them. In 1825 Blainville, to 
whom Rafinesque's former works must have been known, both describes and figures the American genus 
Straphomena ; but the oldest diagnosis written by Rafinesque himself with which we are acquainted dates 
1831, and may be found in his 'Continuation of a Monograph of the Bivalve Shells of the Ohio River, and 
other rivers of the Western States,' which was published separately at Philadelphia, in October, 1831, and 
subsequently in Chenu's ' Biblioth. ConchyL' Other genera, which can hardly be made out, will be found 
recorded in p. 381 of the 'Bull. Soc. Gdol. de Fr.' for 1839, as well as in the 'Journal de Physique* for 
1839, vol. Ixxxviii, p. 427 ; and most likely also in C. S. Rafinesque's 'Enumeration and Account of some 
Remarkable Natural Objects in the Cabinet of Philadelphia,' 1831. None of the American paleeontologists 
with whom I have communicated upon the subject appear to be able to afford us any more definite infor- 
mation upon the subject ; it is, however, probable that the first notice of American Silurian Brachiopoda 
will be found to date back not later than 1819 or 1820. 
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Sat has given several MS* imiuea (adopted by Hall) to specimens m the coUectioB of 
the Acad. Nat. Sciences, Philadelphia. 

Dr. D.Dale Owen, 'Reports of n Geol Survey of Wisconsin, Towa, and Minnesota/ 
1852, and 'Annual Geol. Rep., Wisconsin/ 1860. 

F. RoEMBR (see Russia and Germany}* 

BiGSBT, '' On the Palaeozoic Basin of the State of New York,'' in the ' Quarterly 
Journal of the Geol, Soc/ for years 1858, 1859. 

De Verneoil, 'Bulletin Soc, G^ol, de France/ 2nd series^ vol. iv, 1847; and 
vol. V, 1848. 

Prop. Rogers, ' Geology of the State of Pennsylvania,' 1858, contains a good deal 
in connection with the Silurian Brachiopoda. 

Dr. B. F. Shumard has published an account of several American Silurian Brachio- 
poda from the State of Texas, in the * Trans. Acad, Nat, Sci. St. Louis/ vol. i, I860; 
also in the 'Am* Journ- Sd/ for 1861. I am, moreover, informed that he finds, by looking 
over his list, the names of more than 350 species of North American Silurian Brachiopoda; 
but of these a large number will have to be classed as synonyms. 

Dr. F. V. Hayden and F, B. Meek give an account of some Silurian Brachiopoda, 
of the age of the Potsdam Sandstone, from near the Black Hills and other locahties along 
the eastern side of the Rocky Mountains, in the ' Ara, Joum, Sci./ Jan., 1862, also in 
'Acad. Sci. Philad.,* Dec, 1861 ; see likewise the same palaeontologists' ' PalBEontology 
of the Upper Missouri/ published by the Smithsonian Institution, April, 1865, &c,, &c- 

Notwithstanding all this labour, much, indeed, still remains to be achieved before aH 
these British and foreign so- termed species can be satisfactorily illustrated, revised, and 
referred to their proper genera, for the number of synonyms and of incorrectly identified 
forms is considerable : but such a state of things is not, however, surprising ; for our 
accurate knowledge of these fossils is not yet so much advanced as to enable the 
palaeontologist to grapple with so immensely large and diflScult a subject, or to admit of his 
always correctly discriminating or defining a certain number of these still imperfectly 
known so-called species. This desideratum will, no doubt, be attained in time ; and 
the publication of a general monograph, embracing the species from every country, 
will doubtlessly help, though the work cannot be fully and successfully accompUshed until 
after many more years of active and intelligent research, aided by fresh discoveries and 
more ample materials. It would, indeed, be presumptuous were I, however much may 
have been my labours and efforts, to pretend that in the present Monograph I could work 
out even our British forms in a completely satisfactory manner, and therefore all I now 
hope to do is to offer to the student the results of our combined knowledge upon the 
subject I have to treat ; and this, I trust, may prove to be of some utility, since we 
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do not yet possess any book in which all our British Silurian Brachiopoda have been 
assembled, described, and adequately illustrated. 

Many are the genera into which the Silurian Brachiopoda have been distributed ; but 
have all these so-termed genera and subgenera been as yet sufficiently studied ? Are all 
their characters understood, and can we locate in them with certainty all our presumed 
species ? These are questions which may be fairly put, and we will endeavour to answer 
them in the sequel ; but it may at once be observed that, although the larger number of 
forms have, I think, been correctly identified, there are some of whose genus and species 
we cannot feel certain, and which will require to be left in doubt, until the discovery of 
more ample material enable the palaeontologist to raise the veil under which they are 
still of necessity partially shrouded. 

It is well known to geologists and palaeontologists that a large proportion of the 
Lower Silurian Brachiopoda of Great Britain, as well as of other countries, occur only in 
the condition of internal casts and of external impressions ; the shell itself, which originally 
occupied the space left free between the external and internal impressions, having totally 
disappeared ; and therefore, if by the means of softened gutta-percha we take a mould of 
the external impression as well as of the interior cast, we are able to reproduce the shell 
itself, both exterior and interior, as completely and as sharply as if we had just taken 
the valves from the sea. This I have done to a very considerable extent, — ^indeed in every 
instance where the operation was possible ; and I am consequently enabled to figure a 
large number of these Lower Silurian forms in a way that has not been hitherto attempted. 
Indeed, these internal and external casts admit in many cases the possibility of a more 
complete and satisfactory study of the species than we are at times able to effect with 
some of the Upper Silurian beautifiJly preserved bivalve specimens, but of which the 
interior is concealed from our view by the hard matrix filling the shell. The value, 
therefore, of gutta-percha as an auxiliary in the study of Silurian Brachiopoda is 
considerable, and is destined to render still further service in the same direction. 

British Silurian Brachiopoda had, indeed, prior to the publication of the presentX 
work, received a considerable amount of study ; but although one hundred and seventy- 
seven species are named in the most recently published catalogues, the whole subject 
required considerable revision, for a large proportion of these forms do not appear to have 
been sufficiently studied or illustrated ; while others are. undoubted synonyms, and the 
identification of a few was exceedingly uncertain. The very considerable researches I have i 
been compelled to make for the present Monograph will, I hope, remove doubt with 
reference to some of these, and also enable me to add to our list several new forms or. 
species not hitherto recorded as British. 

I^hanks to the kind assistance of many friends, I have had the great advantage of 
possessing for a time under ray own roof, and of being able to study and draw my illus- 
trations from, the best and largest series of specimens ever assembledS To Sir R. Mur- 
chison. Prof Huxley, and Mr. Etheridge, I am greatly indebted for tne very kind and 
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liberal manner with which they afforded me all the iufortnatioti I required ; as wtll as for 
the loan of the large and exceedingly important national collection of Silurian Bmchiopoda 
that had been assembled dinging the progress and laboursof the Geological Survey of Great 
Britain, and which I consider to be the most extensive and most valuable series, as a swingle 
collection, ever brought together under one roof. From thii* tullection I have now fJgm'ed 
a very great number of specimens j it contains also the lypes of mauy species that 
had been previously described and illustrated by Portlock, Pliillipa, Salter, myself, and 
others. 

My best thanks arc likewise due to the Council of the Geological Society, who, 
besides awarding to me their much valued Wolkston Medal, have, in the most liberal 
manner, placed their Silurian collections at my command for the present Monograph, The 
Society's Museum contains the veiy valuable original types described and illustrated in the 
* Silurian System,* as well as a series of specimens collected by the late Mr. Daniel 
Sharpe; and from these two sources I have figured many specimens* My thanks also are 
due to the officers of the Geological Depaitment of the British Museum for the free access 
I have had to their specimens j but although our National Museum contains the imporlant 
Upper Silurian collection made by Mr, Gray, of Hagley, it is still very deficient in species 
and specimens from our Lower Silurian Rocks, — which deficiency will, I trust, with 
time be made good. The next to w^hich I must particularly refer is the very extensive 
collection assembled with much care by the Rev, Adam Sedgwick, during his very 
important study of tlie Welsh Lower Paleeozoic deposits, and subsequently deposited by 
him in the Woodwardian Museum of Cambridge. This series of fossils has been minutely 
described and partly figured by Prof M'Coy in his work on ' British Palaeozoic Fossils/ 
This Museum also possesses Mr, Fletcher's valuable series of Upper Silurian fossils. 
I am, therefore, much indebted to Prof. Sedgwick, as well as to Mr. H. Seeley, for having 
been able to consult its specimens. 

My thanks are also due to the Directors of several provincial Museums, such as those of 
Ludlow, Dudley, Worcester, &c., as well as to the following gentlemen, who have not only 
kindly lent me their specimens, but have also afforded me much valuable information : — 
Mr. J. W. Salter (London) ; Mr. D. C. Davies (Oswestry) ; Prof. J. Morris (London) ; Mr. 
G. H. Morton (Liverpool) ; Mr. W. Fletcher (Stourbridge) ; Mr. J. Gray (Hagley) ; Mr. 
W. Prosser (Lancaster) ; Mr. W. Walton (Bath) ; the late Mr. J. Mushen (Birmingham) ; 
Mr. E. Wood (Richmond, Yorkshire) ; Mr. S. W. Williams (Rhayaden) ; Mr. R. Lightbody 
(Ludlow) ; Mr. W. Vicary (Exeter) ; Mr. R. H. Valpy (Newbury) ; Mr. Griffith Davies 
(London) ; Dr. H. B. Holl (Worcester) ; Mr. L. P. Capewell (Dudley) ; Mr. W. Lewis 
(London) ; Mr. R. Tate (London) ; Mr. Win wood (Devonshire) ; Mr. H. Wyatt-Edgell 
(London) ; Mr. W. Cocking (Ludlow) ; Mr. Marston (Ludlow) ; Mr. W. Pengt lly 
(Torquay) ; Mrs. Branvvell (Brighton) ; Prof Harkness (Cork) ; the Rev. J. D. Latouche ; 
the Rev. P. B. Brodie (Rowington) ; Mr. G. Sharman (London) ; Mr. T. J. Shcddtn 
(Walsall); Prof T. Rupert Jones (Sandhurst); the Rev. T. Wiltshire (London) ; &c. 
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I have also to acknowledge much valuable assistance from my Scottish friends, 
who have spared no trouble while assembling for ray use all that their collections and 
localities would aflford. From Messrs. J. Thompson, J. Young, J. Armstrong, and Mr. 
and Mrs. Gray, of Glasgow, I have received a large number of Ayrshire Silurian 
specimens. The Pentland Silurian series has been kindly contributed by Messrs. G. C. 
Haswell, D. J. Brown, and J. Henderson, of Edinburgh ; and I am, moreover, indebted to 
Mr. A. Geikie and Dr. Young, of the Geological Survey of Great Britain, for much 
valuable information with reference to Scottish Silurian geology and localities; and 
from Mr. Slimon, of Lesmahago, I have received useful information and the Silurian 
species of his district. 

From Ireland I have also been able to study a large number of Silurian species ; and 
my thanks are particularly due to Mr. J. B. Jukes, Director of the Geological Survey of 
Ireland, as well as to Mr. W. H. Baily,PalaBontologist of the same Survey, for the kind manner 
with which they forwarded to Brighton, for my inspection and study, the large and very 
valuable series of Silurian Brachiopoda that has been collected during the Geological 
Survey of Ireland ; and I have also to thank Sir R. Griffith, Bart., and Mr. R. Byron, 
for the loan of the original series of Silurian Brachiopoda described and figured by Prof. 
M*Coy in his * Synopsis of the Silurian Fossils of Ireland.' I am likewise indebted to 
Mr. J. Wright, of Cork, for many specimens obtained at the Chair of Kildare and 
other Irish localities. 

My thanks are likewise due to Mr. E. de Vemeuil, Prof. L. de Koninck, Dr. Volborth, 
M. Barrande, Prof. F. Roemer, Herr G. Lindstrom, Herr F. Schmidt, Capt. V. de MoUer, 
Prof. Hall, Mr. Billings, Sigr. Meneghini, and to several other friends, for much valuable 
information in connection with foreign Silurian species. 

I may, in conclusion, here remark that, besides the very large number of original / 
illustrations that will be found in this Monograph, I have, wherever such appeared desir- ( 
able, reproduced the original figures, as well as part of the descriptions, published by the ( 
first describer of the species, so that no doubt may exist with reference to the identifica-J 
tion. 
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DIBSCTOB-OKNK&AL OF THE aEOLOGICAL SUBYBY OF TUB UNITED BIK0I>03f. 

Thirty-one years ago I proposed to geologists that the term ** Silurian" should be 
applied to a very extensive group of the lower sedimentary rocks which rise from beneath 
all those deposits the order and contents of which had then been systematically described. 
Having led the way in classifying these old deposits, by showing their true order of suc-^ 
cession, and the fossil remains of each subordinate formation, I have lived to enjoy 
the satisfaction of seeing the name *' Silurian '' adopted in all parts of the world to 
which Geological Science has been extended. But, just as the proverb is true, ** that 
Rome was not built in a day," so the Silurian Classification, of which I launched the first 
outline in 1835, was but the prototype of that system into which it had to be developed 
by much labour in the field and closet. In 1838, I had, indeed, completed my main 
work upon the subject, with maps, sections, and a description of all the organic remains 
then known, under the title of * The Silurian System,' founded on researches in eleven 
counties of England and Wales, or what I called the *' Silurian Region," because the 
famous Caractacus or Caradoc had been the British king of the tracts, occupied by the 
Silures, wherein the clearest evidences of the order of the strata were exhibited.^ But 

1 In the description of the fossils I was chiefly indebted to Mr. James* de C. Sowerby and Mr. William 
Lonsdale; and I should fail to do justice to my own feelings, and to the reputation of a flrst-rate 
geologist, if I did not state, that, in the composition of the work, I was greatly aided by the last 
mentioned of these valued friends. In the later work 'Siluria,' the able palaeontologist Mr. J. W. Salter 
was my main assistant. 
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still, after a labour of seven years, I found that much remained to be done, in showing 
to what extent the classification ought to be applied to other parts of the British Isles, and 
also to foreign countries. After surveys of parts of the Continent, and particularly by 
a first examination of the rocks of this age in Russia (1841), I conid not but perceive 
that formations in all respects eqiuvalent to those I had described in my limited Silurian 
region bad a vastly wide Continental range, I was also led to suspect that large moun- 
tainous tracts in North and South Wales, to which Professor Sedgwick applied the term of 
"Cambrian/* and which, like himself, I at first thought rose up from beneath, and were 
older than my typical deposits, were, in fact, nothing more than extensive undulations of 
the tyjjical Silurian strata in a more crystalline condition. Even in 1841, that good 
geologist, the late Dr. Fitton, then President of the Geological Society, in reviemng the 
' Silurian System * and its published fossils, declared that the division of the " Cambrian '' 
from the Silurian Rocks, as regarded their imbedded fossils, was " merely conventional, 
-and matter of temporary convenience."^ Now, at that time no " Cambrian " fossils had 
been described ; but, when they were scrutinised by palaeontologists, they were found to 
be nearly altogether well-known Silurian published types* Thus, of necessity, the 
fossiliferous part of the undescribed '' Cambrian " fell pateontologically into the then 
established Sihman system. Subsequently, indeed, stratigraphical evidences were ppO' 
duced, showing that the slaty rocks of Bala and Snow don (which had been caUed ''Cambrian** 
before their fossils were known) were not older, as had been supposed, than the Caradoc 
Lower Silurian formation, but were simply repetitions of the same strata with an altered 
lithological aspect, and thus the question was completely disposed oL 

In subsequent years, the accnrate surveys of Sir Henry Delabeche, Professor 
Ramsay, and other Government Geologists, demonstrated, that there existed in Wales no 
other lepresentative of the Cambrian Rocks than the equivalent of the Longmynd 
Mountain in Salop, which I had shown to underlie the Silurian Stiper Stones ; and hence, 
as proved by fossils, as well as by order of superposition, the Cambrian system of Britain 
became much reduced in dimensions. 

Having already, in 1842, satisfied myself of the truth of this inference, by an exami- 
nation of North Wales, in company with my Russian associate, Count A. von Keyserling, 
I lost no time in announcing this view to my countrymen,^ and it was adopted by von 
Buch and Humboldt, in Germany ; by de Verneuil, in France ; and, indeed, generally at 
home and on the continent of Europe. 

The same extended application of my Silurian classification had been already made 
by the geologists of the United States, and particularly by ]\Ir. James Hall, who 
synchronized all the ancient American dci)osits from the Potsdam Sandstone at the base 
to the lowest limit of true Devonian Rocks as belonging to the Silurian system. Sir 

' 'Edinburgh Review,' April, 1841. 

2 See my Anniversary Address to the Geological Society in 1842, * Proceedings Geol. Society/ 
vol. iii, p. 640. 
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Charles Lyell, in his * Travels in North America/ and in other earlier works, adopted the 
same classification. 

In Germany, indeed, the system was also successfully developed in the same sense by 
M. Barrande, in his classical work the * Bassin Silurien de Boheme \ and in British North 
America it has since been most thoroughly worked out on exactly the same basis, 
both as to its fossil contents, and its relations to inferior and superior rocks, by that sound 
geol(^t Sir William Logan. 

Desirous of showing the generalisation to which the Silurian System had thus been 
extended to various countries, including its range over Russia and Scandinavia, as demon- 
strated by de Vemeuil, von Keyserling, and myself,^ I next published the first edition 
of the work called 'Siluria,' wherein I not only indicated the main features of the 
Silurian rocks in various countries, but also greatly augmented the figures and lists of 
characteristic fossils, many of which were ably described by Mr. Salter. In that work the 
relations of all the Palaeozoic Rocks to each other, whether in Britain, or in the various 
foreign countries which had been sufficiently explored, were correlated and compared, 
including the Uppermost Palaeozoic deposits, to which, during my journeys in Russia, I 
had, with the approbation of my coadjutors, assigned the name of ** Permian.'* 

As years rolled on, and as new discoveries were made, it became necessary to issue a 
new edition of 'Siluria' (1859). This volume was much enriched by descriptions of 
many additional fossils by Mr. Salter, by more defined sub-divisions of the various Silurian 
formations, resulting from the labours of the Geologists of the Government Survey, par- 
ticularly Mr. Aveline, by which the formation termed the Llandovery Rocks was inter- 
polated as a sort of middle group between the Caradoc Formation below and the Wenlock 
Strata above. This book was also specially marked by containing the result of my own 
researches in the North-west of Scotland, wherein I established, for the first time in the 
British Isles, the existence of stratified rocks of higher antiquity than any to which the 
names of Cambrian and Lower Silurian had been applied, for they were seen to underlie all 
such deposits, including limestones, with very ancient Lower Silurian types. These rocks 
I at first termed " Fundamental Gneiss/' and their position was illustrated in the coloured 
diagrammatic frontispiece of the work ; but, on being satisfied, from their order of infra- 
position to all the Palaeozoic Rocks then known, that they were the precise equivalents of 
the Laurentian System of British North America (so named by Logan), I, of course, adopted 
the name given to them by my eminent cotemporary. At that time, nothing organic had 
been discovered in the Laurentian Rocks of North America ; and the only fossil as yet dis- 
covered in the rocks to which the term Cambrian had been restricted was the Oldhamia, 
an organism of doubtful affinity, which has been placed respectively with the Polyzoa, 
the Hydroid Zoophytes, and even with the Calcareous Corallines and other Algae. The two 

^ See ' Russia and the Ural Moantains,* 2 vols. 4to, Murray, 1845, with maps, numerous sections, and 
plates of fossils. 
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British species may even represent two different genera ; the Oldhamia anfiqua of Forties 
being the Miirchimnites anfiqum of Gbppert,^ Subsequently another organism, called 
JEozodn Canadense, classed with the Foraminiferai and allied to Tinoponis of the 
Nummuline Group, has been discovered in the Lower Laurentian Rocks of North America, 
which, as far as all researches go, constitute the funtiamental strata in the crust of tlie globe. 

Wedded to no theory, and guided solely by an appeal to faets^ I have not passed 
the better half of my long life in exploring the foundation-stones of the earth withcmt 
being led to recognise, in the successive works of Nature, the clearest proofs of creative 
power, as manifested by the appearance in each succeeding deposit of animals specially 
adapted to the conditions of each geological period. 

Thus, in those very fundamental strata, wherein igneously formed or molten matter is 
associated with the once muddy or sandy layers aocuniulated in the seas of thet pristine 
period, now in the state of gneiss, geologists who^ up to the time of the recent discovery, 
believed these rocks to be asaoic, or void of traces of life, now know that nothing distinct has 
been discovered save a low form of Protozoon, or Foraminifer of the class Rhizojjoda,* 
In the next overlying group, or Cambrian, we find, besides the Zoophyte Oldhmma^ 
the remains of Annelids or Sca-worrns, of the genera culled Histioderraa, Chondrites, 
&c., with the single doubtful Crustacean termed Palmoptf^e. In the Cambrifin^ there- 
fore, a slight advance only in the forms of life h apparent; but no sooner do w« 
proceed upwards into the accumulations of detrital matter which were next added to the 
crust of the earth, u e-, the Lower Silurian, than we meet with marked additions in the 
presence of both MoUusca (especially Brachiopoda) and Crustacea, associated with much 
more complex Zoophytes, or Corals, than those of the older rocks* These, w^ith certain 
Cephalopoda, Ileteropoda, Pteropoda, and Annelida, constitute the entire Fauna of the 
Lower Silurian Rocks, in which the closest researches of the last quarter of a century have 
failed to detect any remains of Fishes, or the lowest class of Vertebrata. For in the 
median or Llandovery Group, and even throughout two thirds of the Upper Silurian Rocks, 
notwithstanding the great increase of other marine animals, still we find no remains 
of Fishes, and it is only on reaching the Upper Ludlow Rocks, and specially in 
those beds which pass upwards into the Devonian System, that the rehcs of Fishes have 
been found. These were described by me in my earliest work, in which it was announced 
that the Fishes of that epoch first " appeared before naturalists as the most ancient beings 
of their dass,''^ and such they still remain. In the forty years which have elapsed since 
these words w^ere printed, they have never been gainsaid ; and hence those authors 
eminent as they are, who have laid it down in their tables, that Fishes appeared at the 
same time as the invertebrate orders of animals, are directly in antagonism to the results 

1 Flora Sil. Dev. Unter-Kuhl., pi. 34, f. 1-2. 

2 This is under the supposition that, with Dr. Carpenter nnd others, we reject the validity of the efforts 
which have heen recently made to show that the so-called Eozoou is not an animal but a mineral t<ubstance. 

5 Silurian System, p. 605 : see also note. 
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of the universal researches of geologists.^ It follows, therefore, that the Silurian deposits, 
as a whole, were formed in an incalculably long " invertebrate'* period. 

The general succession of life presented to us by fossils is the following : — In the 
oldest sedimentary deposits, Protozoans, Zoophytes, and Annelids only occur ; in the next 
epochj MoUusca, especially Brachiopoda, with Annelida, Crustacea, and Echinodermata. 
These continued to be associated during enormously long periods of time, and were the 
exclusive tenants of the sea. In the following period Fishes appeared, and they were, in 
another era, succeeded by Reptiles ; and then, after another very lengthened time, insecti- 
vorous marsupial Mammals, of small dimensions, appeared. 

In dwelling, however, on the Silurian Rocks only, the palaeontologist may next be 
reminded of a few data respecting their geographical extension, physical characters, and 
order, as they rise to the surface in the British Isles, in a very large portion of the whole 
area of the United Kingdom. Referring, in the first instance, to the original Silurian 
Region proper, or that wherein the system was established, it will be recollected that I 
showed how these rocks occur largely in the following eleven counties, viz., Salop, 
Hereford, Radnor, Montgomery, Brecon, Carmarthen, Pembroke, Monmouth, Gloucester, 
Worcester, and Stafford. In the north-west of England, t. ^., in Lancashire, Cumber- 
land, and Westmoreland, the system has since been seen to be very largely developed, 
and strikingly so in the Lake-country, between Kirby Lonsdale in the south and Skiddaw 
in the north ; it having recently been proved, by their imbedded fossils, that the slates of 
the last-mentioned mountain, or the oldest rocks in Cumberland, are simply equivalent of 
the Lower Llandeilo Rocks of the Silurian Region.^ Altogether they occupy an area of 
about 7600 square miles in England and Wales. Then again, in Scotland, with some 
slight exceptions of overlying deposits, Silurian Rocks prevail in the whole of the southern 
counties, from the Solway Firth on the west and from Berwick on the east, to the great 
Carboniferous trough that extends from Fife and Edinburgh to Glasgow and Ayr. 
These are chiefly of Lower Silurian age ; but every here and there, as seen in the 
Pentland Hills, near the Scottish metropolis, they exhibit transitions into Middle and 
Upper Silurian, the latter being most completely developed near Lesmahago, in Lanark- 
shire. If to this vast area, throughout which fossils are found at intervals, we add the 
Highland counties, or those north of the Tay and the Clyde, in which rocks of Lower Silurian 
age have undergone great metamorphism, and exhibit fossils at two or three rare localities 
only, it may be stated, that the strata of this great system occupy the surface in Scotland 
to the extent of about 18,420 square miles. 

In Ireland also, though their exact boundaries have not yet been precisely defined, it 

1 See the works of all the American geologisU, and of the Canadian Soirey ; Barrande't * Bastin 
Silnrien de BohSme ; * ' Russia in Europe and the Ural Mountains ;' Angelin and Swedish authors; and the 
recently published work and map of Kjerulf as respects Norway. 

^ See Harkness's Memoir, ' Quart. Joum. Geol. Soc.,' vol. xiz, page 113, and vol. xxi, p. 235 : Mr. H. 
Nicholson discovered most of the fossils therein named. 
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may be said, that, looking to their diffusion in the ooinities of Dublin, Wicklow, Wexfor 
Keny^ Cork, Limerick, Galway, and Doncpl, they must occupy a large portion of the 
sabsoil of that green and drift-covered island, or nearly 7000 square miles. Thus, as regards 
the British Isles, the Silurian Rocks rise to the surface over nearly 33,000 square miles. 

Viewed as they occur, not only in Britain, but in distant parts uf the gli^be, the 
Silurian Rocks must be chiefly regarded as deposits of calcareoiLS and argillaceous mud 
and sand, accumulated in seas of different and varying depths. So much docs the purely 
argillaceous character prevail in the typical districts of the original Silurian Region, that at 
one time I even thought of applying to the group the term of "Mudstone Series/'' But when 
I ascertaioed that the same deposits which are purely argillaceous in large tracts alternated 
in others with limestones and sandstones, and that in Wales they passed into crystallitie 
slates^ the use of a geographical term, which should embrace all the stony varieties of the 
series, became a necessity. Hence the word * Silurian,*' as simply implying the name of a 
region in which the true order was first made out. In numerous other regions, as well as in i 
England and Wales, the same alternation of lithological conditions was found to exist* ; 
Thus the slightly indurated mud on which St. Petersburg is built was proved to be the ! 
equivalent of the Lower Silurian rocks of Britain ;^ whilst the same deposits in the Ural 
Mountains were found to be liighly crystalline schists and slates, the sedimentary sand^ 
stones being changed into quartz-rocks, ^M 

Looking to these changes of mineral character in the deposits of the same age, it has 
been found ditficult, if not impossible, to assign to each formation or sub-formation of the 
system a lithological description which would invariably be foimd to apply. Hence the 
utter inapplicability of the old mineral ogical term ** Grauwackc," which had indeed been 
indiscriminately applied by the earlier German geologists to alt the rocks which have since 
been separated into Cambrian, Lower and Upper Silurian, Devonian, and even Lower Car- 
boniferous Rocks. The following, therefore, is to be taken as a generalised sketch of the 
stony character of the Silurian Rocks of the British Isles only, and in their ascending order. 

The lowest of the Silurian Rocks of Shropshire, the tract wherein their order was first 
pointed out by myself, is a great mass of dark-coloured schistose shale, or consolidated 
mud, reposing upon the Cambrian Rocks of the Longmynd Mountain, and dipping 
under the picturesque ridge of the Stiper Stones ; thus constituting the true base of my 
original system. These shales, or soft schists of finely levigated mud, were next found to 
be the equivalents in position of the Welsh Lingula-flags ; and though in Shropshire 
they have not as yet been found to contain fossils, yet in Merionethshire in North Wales, 

and in Pembrokeshire in South Wales, they not merely contain abundance of Lingulae 

which thenceforward occur throughout the Silurian System, but also Trilobitic 
Oustacea (Paradoxides, Olenus, Agnostus, and Microdiscus), and Ilymenocaris ; and 
most of these, in North America, Germany, Russia, and Sweden, characterise the 

^ See * Russia and the Ural Mountains,' by Murchison, de Verneuil, and Keyserling, vol. i, p. 24. 
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lowest beds of the series termed Silurian by American, German, French, Russian, 
Swedish, Norwegian, and Spanish authors. 

This band, the " Primordial Zone " of Barrande, is manifestly the natural base of the 
Silurian or earliest great Trilobitic and Brachiopodous series. But, whilst the strata 
passing beneath the Stiper Stones of Shropshire are merely consolidated mudstones, 
they are in North Wales hard slaty rocks. 

The next overlying strata are known in Wales as the Tremadoc Slates. The relations 
as well as the fossils of these deposits, whether in North or South Wales (Pembroke- 
shire)^ have been ably worked out of late years by Mr. Salter ; whilst their general range 
and characters are delineated by Professor Ramsay, in his classical and valuable Monograph 
of the North- Welsh Rocks, just published,^ and in which the general classification of 
which I am now tracing the outline is adopted throughout. 

This band, the Lower Llandeilo of my classification (see 'Siluria,^ 2nd ed., passim), 
is everywhere rich in fossils, being characterised by LingulaB, Dictyonemae, Crustacea 
(Trilobites), and Heteropoda. The Trilobites specially characteristic of this zone 
are, FsilocepAalus innotatus, Niobe Homfrayi, Asaphm Homfrayi, Ogygia bcutatriXy 
and Conocoryphe, associated with IHdyonema {firaptopora) soctcde, Conularia, and 
Tkeca. 

The associated sandstone strata have been altered in the Stiper Stones of Shropshire 
into quartzites and hard schists, and exhibit on their western flank a peculiar group of 
fossils, viz., Trinudeus Murchisoni, jEglina hinodosa^Lingulaplumhea, Bedonia {Cucullella) 
campianata, JDidymofftapsus geminus, Orthis alata, and Orthoceras AveliniL 

Ascending in the series, the chief or upper part of the Llandeilo Formation is essen- 
tially argillaceous — ^mere mudstones in one district, calcareous flagstones in another, and 
slates in a third ; and is characterised by numerous Brachiopoda, particularly by Orthidse, 
Rhynchonellidse, and Lingulidse, but specially also by Trilobites [Ogygia JBuckii, Asaphus 
fyrannus, Calymene Murchisoni^ Dionide atra, JEglina caliginosa^ Trinudeus MurcAisoni), 
and several genera of Graptolites, which first make their appearance in the Lower 
Llandeilo. The last-named Zoophytes highly typify, indeed, the whole Silurian system, 
eioept the ** Zone Primordiale,'' and are never found in younger rocks. A few Echino- 
dermata also occur in the Lower Llandeilo Beds ; and here we have also the first well- 
determined evidence of the occurrence of the Lamellibranchiata, characterised by Palaarca, 
jRibeiria, Bedonia, &c. The Llandeilo Formation, with occasional limestones, occurs not 
only in Siloria and Wales, but also in Cumberland, where, as above stated, the Skiddaw 
Slates, its representative, form the lowest band in that slaty region. 

The next ascending formation, the Caradoc, is in Shropshire, to a great extent, a 
wmdstone, associated with some impure shelly limestones and shale ; but in North Wales, 
mfter certain folds, it occupies the Bala country, and becomes a hard and slaty rock, some- 

^ 'Memotn of the Geological Sanrey of Great Britain,' vol.iii; "On the Geology of North WaleB.** 

4 
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what arenaceous, with courses of impure limestone. Its fossils, particularly the Brachio- 
poda, are so characteristic, that, whether you meet with them on the slopes of Caer 
Caradoc, wliere they were first described, or at Bala and Snowdon, they leave no doubt 
whatever of the age of the roclc to which they belong. For example, Siphonotreta mieida, 
Orthis alata, O, vespertUio, and 0. AQtonitB, with Sirophomena expanm^ L^t^ena sericea* 
and L. tenuicinda occur abundantly \ added to which, other and iniportunt forma of life 
oome in, such as Glyptocrimm, Sph^'onites, and PleuroayaUies, among the true Crinoids, 
with PalmaBier, &e., in the group of the Asteriadse, Homahnotm fmulcaim, Trinuclemt 
seticornisy Cybele verrucomt and Amphm Powim, illustrate a rich group of Trilobitcs; 
whilst nimierous Cephalopods of the genera (Jt/rhcerm^ Ori/iocerm, and LituiieSt occur, 
all equally important, as determining and fixing the age and position of these Caradoc or 
Bala Rocks. 

l^he rocks hitherto enumerated constitute the Lower Silurian diviaion of my classificaJ 
tion, in which, as before remarked, no trace of a verteb rated animal has been discovered^ 
These rocks are largely associated with masses of igneous origin^ both coteraporaneou 
and intrusive; and to comprehend their relations, as well as their various dislocation 
and overlaps, the Map of the Government Survey, and particularly the recently published 
work of Professor Ramsay above mentioned, must be consulted. The total tbickness 
these rocks has been estimated at about 17,000 feet. 

In the earliest years, when I was preparing the first Silurian Classification, I simplj 
divided the system into Lower and Upper Silurian rocks; but in the sequel, and by close 
examination of the organic remains^ it was found that some of the strata, having more or 
less of an arenaceous character, which formed the summit of the Lower Silurian rocks of 
my earliest tabular arrangement, were in reality characterised by many new species, and 
deserved a separate name. These strata I named " Llandovery Rocks," from their full 
development near the town of that name in South Wales. Again, in other tracts^ par- 
ticularly at May Hill, in Gloucestershire, some fossils were found to pass upwards into 
yoimger beds, which, in their turn, were surrounded by the true base of my original 
'' Upper Silurian'* Rocks. Hence, in the last edition of ' Siluria' (1859), I adopted the term 
Llandovery Rocks," to mark this intermediate group, the lowest beds of which graduate 
down by their fossils into the Caradoc Sandstone, and the highest of which are connected 
with the Woolhope Beds, or base of the Wenlock Formation. 

The Brachiopods drawn and described by Mr. Davidson unambiguously prove that 
these Llandovery strata form a central link, thus uniting more closely together the 
Lower and Upper Silurian Rocks. 

As illustrative of the evidence and correctness of this view, and the stratigraphical 
value of the Brachiopoda as a group of fossils to be used for this purpose, I merely 
offer the names of a few genera and species, noticing first those forms which do not occur 
below the Llandovery rocks. There are Pentamerm oblongits, Rhi/nchonella decempli- 
vata, lih, navicida, Rh, obtusiplicafa, &c., Lingula crameiia, Athf/ris [Meristella) tumida^ 
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Bbrophomena arenacea, St imbrew, Leptana Grayi, Chonelea lata, Atrypa hemisplKerica, 
Spirifer elevatus, &c. The Lamellibranchiata and Gasteropoda contain genera and species 
hitherto unknown ; added to which, lUanopsis Thomaoni, lUanus Barriensis, Encrinurm 
jmnctatus, Proetm Stokesiiy and Phacops Downingi(B, among the Trilobites, offer other 
features of distinction, and tend still more to elucidate the clear succession in time of these 
Llandovery Beds ; such forms being here found for the first time in the ascending series 
of deposits. 

When we mount into the true Upper Silurian Series, as constituting the 
Wenlock and Ludlow Formations, we find ourselves generally in rocks of the same 
argillaceous character as in the Lower Silurian, but usually in a much less hardened 
and altered state ; so much so, that in many tracts where limestones do not prevail, 
the beds are little more than slightly indurated, finely levigated mudstones, which 
have not undergone the action of metamorphism that has affected them in other 
localities with a slaty cleavage, and thus altered their aspect. But, in Great Britain, 
the phenomena of unaltered strata is very much confined to the typical Silurian region ; 
for in parts of North Wales some of the Wenlock Shales have been converted into roofing 
slates. This also holds good in many other parts of the world. Indeed, in Devonshire 
and Cornwall, and in the Rhenish provinces, strata of the Devonian age are equally slaty. 

As might be expected, the great abundauce of the Upper Silurian fossils occurs in the 
zones of subordinate limestone ; and hence the Woolhope or Lower Wenlock Limestone, 
and the Wenlock or Dudley Limestone, are the centres, particularly the last mentioned, 
wherein the reliquiae of the marine animals of that period most abound. In these beds 
the great mass of the Silurian Brachiopoda figured and described by Mr. Davidson occur, 
associated with many genera of Crustacea common to the Lower Silurian, some being 
entirely new forms ; Corals and Echinodermata, as well as the Cephalopoda, having also 
much increased. Amongst the Corals (Ccelenterata) many new genera now appear, 
comprising Acervidaria, Aulacophylluniy CceniteSy Omphyma^ Cystiphyllum^ &c. The 
Echinodermata seemed to have reached their maximum development in the seas of this 
age ; and, although too numerous to mention here, I must allude to the Cystideae, 
Caryocystites, Prunocystitea, Pseudocrinites, &c., a remarkable group, stratigraphi- 
cally and zoologically defined by the late Leopold von Buch and the late Professor 
Edward Forbes. These Crinoids are associated in the same beds with the Uly-shaped 
Encrinites, Crotalocrinus, CyatAocrimis, DimerocrinuSy IcitAyocrinu^,a,ud Ta£POcrinus,&c.i 
also with those Cephalopoda characterised by numerous species of the group of the 
Orthoceratidae, many of which assumed gigantic proportions. Yet, amidst this vast 
profusion and wealth of marine life no trace of a true Fish, I repeat, has hitherto been 
found in strata of this or the preceding age in any country. 

Towards the close of these Silurian strata, as seen near Ludlow, the argillaceous 
and calcareous beds pass upwards into more sandy and shore-like deposits, and with 
this lithological change the earliest known Fishes appear (see Note, p. 30), and thus 
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usher us into the first great Ichthyic period, the Devonian or Old R^sd Sandstone* so 
well marked by its Fossil Fislies in Russia, Britain, and North America. 

No zoological feature in the Upper Sihman rocks is more striking than the great 
increase and profusion of Cephalopods, many of them of great size, which appear in strata 
of the age immediately antecedent to the dawn of vertebrated life* A grand illustration 
of this phenomenon has already appeared in the second volume of the ' Systeme SUurien 
de Boheme/ by M. Barrunde, who has already figured and described, — Goniatites, 17 
species \ Trochoceras, 44 9p. ; Nautilus, 7 sp, ; Gyroceras, 7 sp. ; Hercoceras, E sp, ; 
Lituites, 7 sp. ; Phragmoceras, 32 sp. i Gomphoceras, 70 sp. ; Ascoceras, 15 sp, ; in all, 
302 species, or distinct varieties, as occurriTig in the rich Silurian Basin of Prague ; and 
the greater number of them named, as well us figured and described^ by Barrandc- 1 
learn from my distinguished friend that when his grand and classical work is completed, 
no less than 3000 species of fossils will have been described from the limited Silurian 
Basin of Bohemia alone ! 

It is generally believed, and I embrace the view, that this group of large and straight* 
chambered Cephalopoda preyed upon the numerous lower tribes of marine life during the 
long Silurian era ; and, as relates to Great Britain, it is curious to notice, that with the 
advent and prevalence of Fishes in the Devonian era, the gigantic Cephalopods diminished 
in number and in size. From their first appearance to the present day, the numbers of 
genera and species of Fishes, which are, we know, the most predaeious animals of the sea, 
have gone on increasing, whilst the more voracious and large Cephalopods have become 
exceedingly rare. 

In the progression of life, as above sketched out, the Silurian System is characterised 
throughout by certain Brachiopods, particularly Lingulidse, Orthidae, Pentameri, &c,, 
which everywhere prevail ; also by the pennate Zoophyte called Graptolite, which, aa 
before said, has not been found in younger rocks ; by Trilobites of certain genera^ 
nearly all of which are peculiar to it ; and by Cephalopoda and Echinodermata^ of 
forms never found in any overlying or younger deposit. 

Now, in all this immeasurably long series of geological deposits, beginning with the 
dawn of Molluscan Ufe, the Brachiopods are the most abundant, persistent, and reliable 
types of life by which geologists recognise the different formations. Hence, it has given 
me the truest satisfaction, that my eminent friend, Mr. Thomas Davidson, should have at 
last completed his long labour of love by terminating his description of the Palaeozoic 
Brachiopods of Britain with so skilful and elaborate a delineation and description of all the 
species of this class known in the Silurian Rocks. Furnished as he has been from many 
quarters w^ith fossils of the several formations constituting the Silurian System, it was 
peculiarly gratifying to me, as Director-General of the Geological Survey of the United 
Kingdom, to place under his examination all the Silurian and other Palaeozoic Brachiopods 
in the cases of the Government Geological Museum in Jermyn Street, illustrating the 
Survey. It is also important to mention that, having considered the Jermyn Street 



CLASSIFICATION OF THE SILURIAN ROCKS. 29 

Museum to contain the national type collection of Britain^ Mr. Davidson has figured, in 
every instance, those specimens virhich are most truly characteristic, including also many 
of the oldest types, collected by myself, and now preserved in the Museum of the Geological 
Society. He thus affords to the student, and mainly through the assistance of oiu* able 
Palaeontologist, Mr. Etheridge, a ready means of comparing any species he may coUect 
with the fixed species in the geological museum of the nation. Thus, along with other 
works in the field and the closet, this Monograph, and the beautiful fossil forms found 
in our own country — all drawn by the hand of Mr. Davidson — ^will remain as illustrations 
of the truthfulness of our national geological maps, as prepared after a careful correlation 
of the order of the strata with their imbedded animal remains. 

From his long residence in France, as well as in other parts of Europe, and his inti- 
mate acquaintance with the Palaeozoic collections of M. de Vemeuil and others, whether 
formed m Europe, America, or elsewhere, Mr. Davidson has happily had advantages which 
few of his cotemporaries have enjoyed; and when we reflect that the labour of so many 
years has, on his part, been one of true love of natural history science, all Geologists, 
feeling how much they owe to him, must unite with me in gratefully recording our 
sincere obligations. For myself, I cannot sufficiently express the gratitude I feel for the 
devotion^ perseverance, and ability with which Mr. Davidson has fulfilled his great 
imdertaking^ thus crowning his many admirable works with a complete Monograph of 
the oldest known group of Fossil Brachiopods in the crust of the globe. 



P.S. — In the preceding pages 24> et seq. the prevalent Uthological characters only of the typical 
Silurian rocks of Britain have been given. The pebbly beds and conglomerates which occa- 
sionally occur are mentioned in the following table. 
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INTRODUCnoN, 



Ludlow 
Group 



;3 



Jk&ular View of the Silurian Strata* 

A fteries of greeii)«h-grey Bhalas, eoQt&iiiiitg lenticaiar pocket a ^f 
hftrd grej^ grit ; witli abuuil&nce of Gruataecau and Plant rriiiaiut^i 

PaiSflge-beds, Tile- Lin^tila cotnta^ and Fish frftgmonl*. 

atoneft, and Dowit' \ Thin- bedded ydloiAfUb Aandsiionea, with Cruataci'ftn (Pcccilopod)) 
tou SandBtoiita Plant, and Piitb rcmftm«,^ Lingida c&niea^ vaf- minima (Sow.), 

Orthortrm, PlatifsthUma heUcUei, Modiohp^is^ Beyrichim^ 5c c. 

Loc. Ledbary, LudloWj Dovriilon, Kington, Le«mabag4i. 

Ydlowisli^ green i«li, and grey argilUceous aandy muditonc, witb 
calcareoos lenticular and nodular niaeaeH, and many species of 
Bracbiopoda^CAone/^j lata^ RAynchtmelta nucula, Discitm ftt^atOt 
OrthU lunata, and 0. clegantula^ with Orikom^ta aui^gilalifur^ 
i^erpaiiie^ lon^immu^i ike, Loc. WbitJcUiTu, Ludlow, M&lvaru, 
LoDgbope. 

r Grey^ pale-yellow, or hrowu abalee, with bttnda of argillaceout lime<^ 
atone in tlie upper part, nnd eanUining grt^at oiunbefs of 
Strophomf*na Jihsa, St. dtprtsm^ WiynchontUa hucutay HA. 
naricuh, and Liriffulu T^wuii ; the loif^er portion hUo counistihg 
of beds of nrgilkcfoua Umehtoae, filled wirb Pfnt&mrrtt* 
Knighiii^ P. gule^itu*^ Sirophomma ifuyltipkn, Atnjpa ee/iVn* 
laru, JAnguIa strtnta^ mih Fruttm Sfokrmit Pkn^p^ cuudalu*^ 
&c. Loc. Whit^Mtf, Aymefttry, View Edge, Unlhury, 



Upper Ludlow Eock 



Aymestfy Limeatone 



^ YellowiAb-grey« hard flaggy and nodulnr ftrgiUaceout shales, wiib 
occasional beds of impure limestone, and con taming concre- 
tionary nodules of fossiliferous bine limestone; the upper 
^ Lower Ludlow Shale i portion contains Lingula lata^ GfaptoUtes Lnden^U^ and Ccir- 

diola interrupt a ; in the middle portion Phragmoceros and 
Lituiies occur ; and in the lower Pkacop^^ &c- Loc. Vinnal 
Hill, Mocktreet Stokes Wood, Onibury. 



Wenloek Limestone 



Wen LOCK 
Group 



Wenloek Shale 



Woolliope Beds. 



Denbighshire and 
Tnrannon Slates 



Upper Llandovery 



ArgiUaceons or i^emi-cryRtatline Iimestonef and lenticular maaaet of 
con cretin nary matter, abounding in orgnnic remains, especially 
Crinoidea^ CcclenteraUi, Crustacea, and Bracbiopoda ; Spiri/tra 
piieateltaf Sp. plcvata, At/ti/ri4t tumida^ Atrypa retieutarit^ 
Rhjnchontlla Siricktandiu Rh, horealis, Rh. IViUonii^ Or this 
ruitica, Strophomena antiqitaiat Discina Forheui^ and OhofuM 
Davidsomi^ being motii typical, Loc, Wenloek Edge, Dudley, 
Walsall, May Hill, &c. ' - - 

Hard flaggy beds and thin shales, in places slaty, with occasional 
beds of sandstone; fossils reHcmbling those above. Loc. 
Wenloek, Dudley, Walsall, Malvern, Usk, &c. 

Dark-grey, semi-indurated limestone, with much carbonate of lime 
in veins, and occasional bands of argillaceous nodules, &c., also 
sandy beds in places ; Illcenus (Bumastus) Barriensis, Ortkii 
Davidsoni, O, elegantula, var. Loc. Woolhope, Walsall, &c. 

Thin-bedded flaggy sandstones and slaty beds ; fossils compara- 



tively rare in places, especially in the gritty beds, 
shire, Denbighshire, Taranuon river-bnnks, &c. 



Loc. Flint- 



Grey and yellowish sandstones (occasionally conglomerates), with 
bands of limestone; rich in organic remains, especially Brachio- 
poda ; Pen tamer us oblotiyus, lihynchonellce, OrthideSt &c. Loc. 
May Hill, Shelve, Tort worth, &c. 



^ Lowest zone containing true fossil Fishes. — Adopting the classification I established, that the Silurian 
sNKttm, as a whole, is characterised by Invertebrata only, Mr. D. Page, in his Manual, has included the Lud- 
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Lower LlandoTery. 



Caradoc or Bala 
Rocks. 



Hard BandstoDea, conglomerates, and flaggy shaly beds ; the fossils 
closely allied to those of the Upper Llandovery series ; but 
distinguished by Pentatnerus lens, and by unconformity. 

Shelly sandstones, shales, and slaty beds, with quartzose grits, 
conglomerates, and occasional limestone or calcareous bands ; 
fossils numerous, especially Echinodermata, Crustacea (Tri- 
lobites), Polyzoa, and Brachiopoda; of the last nearly fifty 
species, including Orthis Actonice and O. flahellulum, Loc. 
Caradoc, Horderley, Norbury, Bala, Snowdon, Wexford, 
Kildare. 



] 



Llandetlo 
Group. 



r Dark-grey flagstones, occasionally calcareous, with black slates con.- 
taining GraptoUteSy &c. The Llandeilo Flags constitute two 

I groups. Upper and Lower. LingulcB, OholellcB, Diseina, and 
Llandeilo Flags ^ Orthida occur in, and characterise this group of rocka, with 

I Ogyffia Buchii^ Asaphus tyrannus, and Trinucleiut concert- 
tricus. Loc. Llandeilo, Builth, Shelve district, Cader Idris, 

L &c. 



Lower Llandeilo 

or 
Tremadoc Slates 



Lingula-flags 



L 



Dark-grey and ferruginous slates, sandy shales, and hard bluisli 
flags, with occasional beds of pisolitic iron-ore, much felspathic 
matter in lines and thin beds ; the Lower and Upper Tremadoc 
Slates contain numerous genera of Trilobites, Ogygia scu- 
tatrix, Asapkus Hom/rayiy Mglina, Trinucleus, &c., also Hetero- 
pod and Pteropod Mollusca, &c,, with Graptolites (Diplograpsus 
pristis and D. folium), and Orthis alata and O. testudinaria. 
Loc. Stiper Stones, Tremadoc, Portmadoc, Ffestiniog, Dolgelly, 
Dudreath, &c. 



f A great series of black and dark shales, grey and brown 
thin slaty flagstones and sandstones, with siliceous grits and 
quartzites (Stiper Stones) ; occasionally crowded with fossils, and 
always having the characteristic Lingula {Lingulella) DavUii, 
It is equally remarkable for its Crustacea (Paradoxides, Oleni, 
Agnostiy Hymenocaris^ &c.). Loc. Dolgelly, Barmouth, Ffesti- 
niog, St. David's, &c. 



CAMBRIAN ROCKS 



LAURENTIAN ROCKS 



Dark-green, grey, black, and brown flags, also grits and con- 
glomerates, occurring at Harlech, A ngleaea, Llanberris, St. David's, 
the Longmynd, &c., with few fossils. 

** Fundamental GneisR*' of Murchison. Western promontories of 
Ross and Sutherland, the Lewis, Lews, or Long Island, 
including Harris, and other parts of the Hebrides. 



low bone-bed in the Old Red Sandstone or Devonian. But I have shown that the presence of the 
peculiar small Ichthyolites, Plectrodus mirahilia and Onchus Murchisoni, ' Sil. Sys.' (which have never 
been found in the Old Red Sandstone), afford no reason for separating this fish-bed from the Ludlow 
Rocks, seeing that it is filled with unequivocal Silurian marine shells, some of which occur even low down 
in the system (*Siluria,' ed. 1859, p. 157, note). 

Fossil Fishes have also been found in the highest bed of the Upper Silurian of the Baltic island of Osel 
{!Pkye8tes v^rrtfco^iM, Eichwald, and CephalaapU Schrenkii, Pander; see the memoir by F. Schmidt, ' Imper. 
Mineral. Soc. St. Petersburg,' 1865-6). There also, as at Ludlow, the Ichthyolites are intermixed with 
marine Upper Silurian forms, such as Platyschisma heliciteSy Orthis, Ptilodictya, Chonetes, Pterineea, 
OrthoceraSy Calymene. Again, just as in Britain, none of the true Old Red Snndstone fishes, ho common 
in Russia, occur with these peculiar Ichthyolites of the youngest Silurian strata. 



BEITISH 

SILURIAN BRACHIOPODA. 



Family— LINGULIDiE. 



Op this family the genera Lingula, Lingulella, Obolus, and Obolella are represented 
in the British Silurian rocks.^ 

Genu9 — LiNGULA, Bruffuiere, 1789. 

In pages 199 — 205 of my 'Monograph of the British Carboniferous Brachiopoda' I 
have given at some length the characters, both external and internal, of this genus ; and 
thereto the student is referred in order to avoid repetition. 

It is, however, no easy- matter, if even possible, always satisfactorily to distinguish the 
numerous so-termed species that have been referred to this genus, their shapes in many 
cases differing but little one from the other, not only in the Silurian rocks, but also 
throughout the entire sequence of geological formations. Many of these species are more 
or less longitudinally oval, with valves slightly convex, sides either straight or moderately 
curved, front straight or rounded, beaks more or less sharply acuminated. In such 
cases, where the general form appears to differ so little, it is almost impossible in the 
present state of our knowledge to point out, and especially by words, those very minute 
differences, real or imaginary, which may have been adduced as reasons for applying to 
certain forms a separate specific designation. There are, however, in the number many 
well-marked and apparently distinct species, at all times easily recognisable. The recent 
species are few in number ; but, besides a certain difference in their respective forms, 
most of them may be distinguished by their colour. Thus, Mr. L. Reeve describes Z. ovalis 
as of a brilliant verdigris-blue-green colour ; L. tumida is brownish- or reddish-olive ; 
L. murfina of a peculiar coppery red tone of colour; Z. abina and Z. semen are whitish ; 

^ As, on account of its great length and the numher of plates required, this Monograph must he 
iisned in several consecutive portions, the author earnestly requests those who may possess species not 
described under the several genera vrill kindly communicate with him upon the subject. Additional 
information as to any of the species will find a place in the " Supplement/' 

5 
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L. antillarum is faintly tinged with blue-green towards the imibones ; X. exusta is reddish- 
yellow, deeply stained with brown towards the margin ; X. anaiina exhibits a pecnliar 
coppery redness^ heightened in parts to a shining swarthy tone of colour; and X* 
hiam is pale green ;^ but none of the many fossil species hitherto collected throughout 
the entire sequence of sedimentary deposits, from the Lingula-flags upwards, have shown 
the smallest vestige of colour ; unless, perhaps, X. Symondsii from the Wenlock Shale. 
We are, therefore, deprived of that help, so useful among the recent forms, to aid U8 m 
the discrimination of out fossil sheila, which nuist, when alive^ have presented the brilliant 
green, blue, and other tints so much admired in their recent congeners. Again, how 
many of the fossil forms resemble in contour such shells as the large recent X. tamida, 
X. ova/iSf and X. anatina! It is, moreovefj rare to meet with the internal surface, even 
in the larger number of fossil species j and it is not often that we find specimens show- 
ing the two valves united, — ^a circumstance easily explained by the fact, that, when 
aliye^ the valves were slightly gaping at each end, and closed only along the lateral margins; 
consequently, when dead, the valves became easily separated and scattered. Until a 
carefully elaborated general monograph of this genus shall have been prepared, much 
uncertainty and vagueness must exist with reference to a certain number of the species 
and their synonyms. 

The angle formed by the junction of the slopes of the beaks has been mado use of as 
a character by some palseontologista ; but after having measured the angle in numerous 
species, and specimens of the same species, I found it so variable as to preclude tb^ 
possibility of making use of it as a distinctive character of great stability or iraportnnce j 
and, indeed, the proportions of breadth and width, though, of course, to some extent 
available, are not usually to be relied on fully : the surface-characters are best. 

In the published catalogues some twenty-five or twenty-six species (?) of British Silurian 
Lingulse have been enumerated, but of these two or three are manuscript designations, 
appended provisionally by Mr. Salter to tablets in the Museum of the Geological 
Survey, while some others are either synonyms or species not yet suflSciently determined. 

British Species apparently well determined. 

9. Lingula attenuata. Sow. 

10. — ovata, M'Coy. 

11. — Ramsay i, Salter. 

12. — lata, Sow. 

13. — striata, Sow. 

14. — cornea, Sow. 

15. — Salteri, Dav. 



1. 


Lingiil 


i Lewiaii, Sow. 


2. 


— 


teiiuigranulata, M'Coy. 


3. 


— 


granulata, Phillips. 


4. 


— 


crura ena, Phillips. 


.5. 


— 


Rouaulti, Salter, 


6. 


— 


Hawkei, Rouaitlt. 


7. 


— 


Leaueuri, Rouault. 


8. 


— 


Symondsii, Salter, MS 



1 See the beautiful figures of recent Lingula published in G. B. Sowerby's * Thesaurus Conchylioruai * 
(for 1846), and in Mr. L. Reeve's * Conchologia Iconica,* article "Lingula/* 
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British Species (?) not yet sufficiently made out 



1 6. LiDguIa Bechei, Salter, JI£S. 

17. — squamosa, HofL 

18. — parallela, Phillips. 

19. — loDgissima, Pander. 

20. — curta (Conrad), M^Coy = young 

L. attenuata. 



21. Lingula minima, Sow. 

22. — pygmeea, Salter, 

23. — brevis, Portlock, 

24. — obtusa, Hall (Jd'Coy). 

25. — lepis (Lingulella), Salter, 



There are also one or two other uncertain forms ; hence it is very probable, as 
already stated, that several of these ten last-named species (?) may, when better known, 
prove to be either synonyms, varieties, or variations in form of some of the fifteen first 
named. I have, however, considered it desirable, in the present state of our knowledge, 
to give short descriptions as well as figures of the entire series, so that the student may 
form his own opinion upon the matter, and not have to depend upon my views alone. 

Lingula Lewisii, Sow. PL III, figs. 1 — 6. 

Lingula Lewisii, Sow. Silurian System, pi. vi, fig. 9, 1839; and Siluria, pi. xx,fig.5, 
1859. 

— — Dav, Bull. Soc. G6ol. France, toL t, 2Dd aer., p. 333, pi. iii, fig. 

44, 1848. 

— — M*Coy. British Palseozoic Foasila, p. 253, 1852. 

Spec. Cliar. Subquadrate, oblong, longer than wide ; sides almost parallel ; front very 
slightly rounded ; beaks obtusely angular, the slopes rarely straight ; valves almost equally 
deep, the convexity very small ; surface nearly smooth, or marked with numerous con- 
centric raised lines or ridges of growth, and here and there by more deeply indented 
striae. 

Length 14, width 10, depth 2^ lines. 

Obs. This well-known species is easily distinguishable from L.grantdata and L. tenuis 
^ffranulata by its surface not being reticulated. Good interiors or internal casts arc 
sometimes obtained, of which representations will be found in our plate. 

Position and Locality. This species is stated to have been found in the Woolhope 
beds, Wenlock shale and limestone, Lower Ludlow and Aymestry limestone ; but is most 
abundant in the last-named formation. It occurs in the Lower Ludlow rock of Mortimer's 
Cross, Aymestry, Herefordshire ; also in the Aymestry rock at Sedgley, between Dudley 
and Wolverhampton ; at Mary Knoll, and many other localities in the Ludlow promontory. 
Prof. M'Coy mentions its occurrence in the Lower Ludlow rock of Leintwardine, 
Shropshire, and in. other places in the same county. Mr. Lightbody states that he 
finds Z. Letoisii in the Upper Ludlow series, but rarely; and near the top of that 
series abundance of another form, rather smaller, which he would be disposed to regard 
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as Z. Zetaisii^ if that species had not been so rare in the Upper Ludlow ; a fine large 
specimen^ which we figure, was, however, found by Mr. Light body in the Upper Ludlow 
of Whitecliff, at Ludlow. In Ireland, Prof. M'Coy mentions its occiureuce in grey 
quartzites at Shanballymore, Oughterard, County Galway, and in shales at Ardaun, Cong; 
but his example, of which I give a figure, is not so broad as we find to be the case in 
the generality of specimens ; and as tlie^se are *' Llandovery *' localities, its occurrence 
there is not likely. 

Prof. Phillips quotes the following localities in bis * Memoir on the Malvern Hilla,' &c. ; — 
Malvern Disfriaf, West of Rilbury, in the Aymestry limestone. Ahberlfy Disfrict, 
Ankerdine Hill, Aymestry limestone ; Hole Parm, Lower Ludlow, Woolhope DiMrict^ 
South of Putleyj Aymestry limestone ; Shuck nail Hillj Aymestry limestone ; Ecknall 
CJopse; Bodenham, Aymestry limestone. Usk Dlsirid, Usk; Cilfigan (Wenlock beds); 
Tucking Mill (Wenlock beds). Llandeilo District, Cilniaen Llywd (Ludlow rocks). 
Freshwater District, Freshwater East (Ludlow rocks). 



LiNOULA GKANULATA, PMllipg, PL 11, figS. 15 18, 

LniGULA OEANULA.TA, PhUtips^ Mem. Geot Sur., toI. ii, parti, p. 370, pL xif, 184d. 

— ^ M'Ccy. Briliah Pal Fufts., p. 252, 1852, 

— — Salter. SiluriA, p. 212, fig. 4, 1859. 

Spec. Char. Somewhat pentahedral in outline, longer than wide j the sides nearly 
straight and parallel, rounded into the straight front; slopes forming the acuminate beak 
nearly straight and tmiting at an angle of about 120*^ ; valves vtry slightly convex, flattened 
along the middle ; surface marked by numerous regular equidistant rows of concentric 
prominent ridges, which are wider or larger towards the middle of the shell ; these ridges 
are also crossed by another set of radiating longitudinal striae, more closely disposed 
than are the concentric wrinkles, and producing by their intersection a granulose or reticu- 
lated appearance. 

Length of a large specimen 12, width 8 hnes. 

06s. Prof. Phillips gives us an excellent description and figure of the exterior of one 
of the valves of his species ; unfortunately the interior is unknown. He observes that 
*' the transverse striations are formed in sets, being extremely regular and at equal dis- 
tances for many rows, and afterwards equally regular but at smaller distances apart" 
(but this applies especially to the specimen described ; in other examples the transverse 
striation gradually diminishes from about the middle of shell to the posterior and ante- 
rior margins). " The surface appears granulated. The reticulation is less evident on the 
sides and on young individuals. In young specimens the outline is less characteristically 
marked, being in fact ovato-acuminate. (In other Lingulae, as in this, the lateral expan- 
sions near the beak increase and become characteristic with age.) The shell is always very 
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black, and its smaU reticulated fragments have been found in several places about 
Llandeilo." 

Prof. M'Coy gives us also a good description of this shell, and adds that the obtuse 
tuberculation is distinctly visible to the naked eye in good lights, and completely distin- 
guishes this sj)ecies from Z. tenuigranvlata of M'Coy ; but, on the other hand, it appears 
to be identical vritb that of L. cancellata, Kutorga, from the Pulkowa limestone (' Ueber 
das Sil. und Dev. Schicht.-Syst., von Gatschina ;' * Verhandlungen der Russ. KuserU 
Min. Gesellschaft zu St.-Petersbnrg,' for 1845, t. vii, p. 119, fig. 5), from which species, 
however, its great width a!nd straight front seem to distinguish it perfectly. 

Position and Locality. This species has been hitherto found only in the Llandeiloand 
Caradoc beds. Prof. Phillips obtained it in the Llandeilo District^ at Llandeilo ; North 
west of Gwenllwyn ; also at Tre Gib ; and in the Haverfordwest District at Mydrim and 
Lann Mill. Prof. M'Coy states it to be common in the Bala limestone of Llandeilo, 
Carmarthenshire ; but this is an error, according to Mr. Salter, L. ovata having been 
taken for it. The largest specimen I have seen is in the possession of Mr. G. H. Morton, 
of Liverpool. 



LiNGULA TENUIGRANULATA, M'Coy. PL II, flgS. 9 14. 

LiNOULA TENUIGRANULATA, M*Coy, Ann. Mag. Nat. Hist., 2Dd series, vol. viii., p. 

406, 1851 ; and British Pal. Fobs., p. 254, pi. 1 l, fig. 8, 
1852. 
— — Salter. Siluria, p. 212, fig. 5, 1859. 

Spec. Char. Shell large, semi-elliptical, longer than wide ; lateral margins nearly straight 
and parallel, hut the shell is somewhat broader anteriorly than posteriorly \ front margin 
Dearly straight or slightly convex, the anterior angles abruptly rounded, posterior margin 
forming rather abrupt slopes uniting in the middle so as to form very obtusely pointed 
beaks, but the extremity of the beak of the ventral valve is somewhat more elongated and 
pointed than that of the ventral one ; valves almost equally and moderately convex, 
flattened along the middle. Exterior surface finely imbricated, or closely covered with 
minute radiating, raised, granulate strise, with interspaces between them, a Uttk wider 
than the width of the interrupted ridge, the tubercules near the beaks and margins being 
almost detached, and forming a linear succession of small elevated granules or elongated 
drops. The shell and ridges are also crossed by minute, concentric, slightly undulating, 
elevated lines. Two specimens measured — 
Length 22, width 14, depth 5 lines. 
» 19, „ 15, „ 4 „ 

Ohs. This fine species has been very well described by Prof. M'Coy, who also mentions 
that it is distinguishable from Z. granulata^ Phillips, by the extremely minute granular 
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lineation of its surface, which is invisible to the naked eye, but under the lens 
presents a beautifully reticulated sculpture. As many as about twenty-six of these raised 
stnad may be counted in the breadth of one line towards the middle of the shell. It is 
not always^ however, that we find specimens having their outer surface preserved, most 
examples being decorticated and of a black colour. I have eeen a great many specimens 
of this shell sometimes showing both valves united; but in no case did the beak of the 
ventral valve so much exceed in length that of the dorsal one as is described and repre- 
sented by Prof. M^Coy, — "the beak of the Uirger valve extended a quarter of an inch 
beyond the ventral margin of the other/' 

In size and shape the shell under description so closely agrees with Linj^uia Canadensis, 
Billings ('Geology of Canada; Palaeozoic Fossils,' vol. i, p. 114, fig. 95, June, 1862), that 
I am almost tempted to place this last as a synonym of Z. ienuiffranulaia ; but not having 
seen specimens of the Canadian shell, and as Mr, Billings states that it is less wide and 
more cqarsely reticulated, it vtrill for the present be better to leave the question undecided. 
In size, Z. Unuigran^ata much exceeds L, Lemisii^ L. granulala, and Z, quodrata of 
Eichwald^ &c. 

Position and Loealitg. This species appears to be at present known only from the 
Caradoc (?) beds. It is common in the sandy and calcareous schists of Alt-yr- Anker, 
Meifod, and in sandy Bala schists of Das Eithin ridge, Himant, Montgomeryshire; 
from whence the specimens described by Prof, M*Coy were obtained. 1 have seen 
numerous examples from the Bala shales north of Llanfyllin, Fron-goch, Meifod, near 
Welshpool ; Pwll-y-wrach, near Llanwddyn, and Pistyll Cwmllech, Llanfyllin, &c, Prot 
Harkness has also found small specimens of this species in the Lower Bala shales ('' Dufton 
fossiliferous shales'^ of Harkness) at Pusgillj near Duftonj in Westmoreland. Mr Edgell 
has it also from the Caradoc of Cheney Longville, Salop. 



LiNGULA ovATA, M'Coy. PI. II, figs. 19—23. 

LiNGULA OVATA, M'Coxf. Synopsis Sil. Fobs., Ireland, p. 24, t. iii, fig. 1, 1846. 

Spec. Char, Elongated, greatest width about the middle ; sides sub-parallel, nearly 
straight or very slightly convex, and merging gradually, so as to form an acuminated 
pointed beak ; front very little rounded, sometimes almost straight ; valves depressed, 
their convexity being very small; the surface is almost smooth, or marked with fine 
concentric lines of growth. Professor APCoy's figured specimen measured — 
Length 15, width 8 lines. 

Obs. This common species is distinguished from L. Lewisii by its greater length 
in proportion to its width ; and (as remarked by Prof. APCoy) it bears much resemblance 
in shape to some specimens of the well-known Carboniferous Z. squamiformis. Its 
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remarkably subparallel sides and rounded point easily distinguish it from Z. attenuata; 
and the same characters will separate it from Z. paraUela, Phillips. I am very much 
inclined to believe, however, that the specimen figured as Lingula ovata by M'Coy (' British 
Pal. Foss./ pi. 1 L, fig. 6), from the Lingula-shales south of Penmorfa, Tremadoc, 
North Wales, is nothing more than an elongated specimen of LingideUa Bavisii, having 
myself seen many specimens of the last-named shell assuming that shape. Mr. Salter 
assures me also that this is the case ; and that Lingula ovata is strictly a Caradoc or 
Bala shell. 

Position and Locality. Lingula ovata was first described and figured by Prof. M'Coy 
from a specimen found in the Caradoc (?) shale of Ballygarvan Bridge,' County Wexford ; 
and is likewise stated to occur at Cahiranearla, or the Chair of Kildare ; as well as in 
shale at Newtown Head, County Waterford. It was found by Mr. D. C. Davies in a 
light-coloured Caradoc sandstone near Bala, also east of Bala Lake, Merionethshire. 
In Montgomeryshire it occurs at Llanwddyn and Meifod. Mr. Lightbody has obtained 
this shell from the Caradoc of Marshbrook. In Denbighshire it is met with south of 
Llangollen ; and it was also found by Prof. Harkness in the Lower Caradoc or Bala 
shales (" Dufton fossiliferous shales " of Harkness) at Pusgill, Dufton, Westmoreland. 



Lingula parallela, Phillips. PI. II, figs. 24 — 27. 

Lingula paballela, Phillips, Memoirs of the Geological Survey of Great Britain, 
vol. ii, part 1, p. 370, pi. xxxvi, fig. I, 1848. 

Spec. Char, Elongated, ovate, broadest anteriorly ; sides sub-parallel, merging gradu- 
ally into the slopes which form the acuminated pointed beaks ; front slightly curved ; 
valves very gently convex and flattened along the middle; surface longitudinally and 
faintly striated, with still smaller longitudinal lines occupying the wide interspaces 
between the larger striae : concentrated lines of growth are also observable. 
Length 11, width 6 lines. 

Obs. This shell seems to be nearly related to the preceding one, but apparently 
distinguishable by the flatness of its valves, its very square front, and flattened middle 
area, as well as by the longitudinal striation of its surface. 

Position and Locality. L. parallela has been hitherto found only in the Upper 
Llandovery or May Hill sandstone. The specimens described by Prof. Phillips were 
obtained at Gunwick Mill, Malvern ; and the typical examples are to be seen in the 
Museum of the Geological Survey. This species does not appear to be rare, being 
found at the Obelisk, Eastnor Park, as well as at the Wych, all three sections being in 
the Malvern District. 
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LiNGULA RouArLTi, Salter. PL I, figs* 14 — 20, 

Quarterly JoutbaI GeoL Bqc,| toL zx^ pi, ivii» fig*. 4. 5, 1 803. 

Spec. Char. Shell thick, triangular, longer than wide ; front either straight or slightly 
convex ; sides gently arched and converging, so as to produce in the larger valve a taper- 
ing pointed beak \ dorsal valve a little shorter than the opposite one, uniformly and highly 
convex ; the ventral not so deep as tlie dorsal valve, and flattened along the middle ; 
beak of the ventral valve produced about two lines beyond that of the dorsal valve. 
External surface marked by numerous more or less strongly indented concentric lines of 
growth. Two specimens measured — 
Length 23, width 17 lines, 

„ 19, ,, 16 „ depth 9 hnea* 

Obe. This curious species appears to be not uncommon in the Low^r Silurian 
" Armorican Grit," or quartzite boulders at Budleigh Salterton, in Devonshire, and is also 
now and then found with its two valves united. All the specimens I have seen were 
longer than wide, while L, Brimonti is stated by M. Rouault to have been wider than 
long ; and it would appear that both it and the species under description were thick, robust, 
and remarkably convex shells, more so, indeed, than is usual with the generality of speciea 
of the genus. M^e have also the interior (although not perfectly preserved) of the dorsal 
valve, which shows that its muscular scars agreed in shape, as well as in position, with 
those observable in other species of Lingula; while strong radiating striae are also visible 
on the internal cast. This species was well described and figured by Mr. Salter, It 
approaches somewhat in shape to L, cnmena, Phillips; but of the last-named shell we 
have not hitherto obtained bivalved examples, and, consequently, cannot say whether it 
was as convex as Z. Bouavlti, Mr. Salter considers the two to be perfectly distinct. 



LlNGULA CRUMENA, FllllUps, PI. II, figS. 1 6. 

LiNGULA CRUMENA, PhilHps. Mcmoirs of the Geological Survey of Great Britain, 
vol. ii, part i, p. 369, pi. zxiv, 1848. 
— — Murchison, Siluria, p. 74, fig. 5, 1859. 

Spec. Char, More or less triangular or cuneiform, widest anteriorly ; sides either 
regularly and very slightly convex from close to the front to the extremity of the pointed 
beak, or the convex sides form an inward curve at about their middle ; beak acuminated 
and acutely pointed ; front gently convex, sometimes nearly straight ; ventral valves 
moderately convex, but in some instances flattened along the middle, and marked by more 
or less strongly indented lines of growth. 
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Length of a large example 20, breadth 14 lines. 
Obs. This shell is very variable in its outline, as may be seen from the figures in 
our plate, several of which were taken from the original specimens illustrated by Phillips. 
It is also one of our largest species of Lingula. Although not exceedingly rare in the 
Upper Dandovery of Howler's Heath, in the Malvern district, no bivalve example has, 
to my knowledge, been hitherto collected. When young, some specimens resemble 
L. attenuata; but adult examples can always be readily distinguished from the latter. 
Z. crumena occurs in the Fentamerus-conglomerate at Kinley^ Shropshire. (Museum of 
the Geological Survey.) 



? ^Lingula squamosa, IIolL PI. II, fig. 7. 

Lingula sauAUOSA, HolU Quarterly Journal Geol. Soc, toI. zxi, p. 102, 1864. 

Although briefly described by Dr. HoU as *' triangular, broad anteriorly, compressed ; 
beak acute ; anterior margin truncate ; shell thick, strongly grooved from side to side by 
imbricating lines of growth ; length quarter inch," no specimen was entire enough to 
enable the author to figure his shell ; and, consequently, on such incomplete and unsatis- 
factory material not much can be said either as to its characters or specific value. In my 
plate I have ventured to give a slightly restored representation of the shell, taken fix)m 
one or two of Dr. Holl's fragmentary specimens, and which indeed strongly reminds us of 
certain young examples of Lingula cuneata, Conrad (Hall, ' Pal. of New York,' vol. ii, 
p. 8, pi. iv, fig. 2). Z. squamosa is stated by Dr. HoU to occur in the light-brown felspathic 
Hollybush sandstone in the Malvern Hills ; and he agrees with Mr. Salter in considering 
this sandstone to be equivalent to the middle division of the Lingula-beds of North Wales. 

? Lingula Hawkei, Houauli. PL I, figs. 21 — 26. 

Lingula Hawkei, Marie Rouault, Bull. Soc. Geol. France, 2nd series, vol. rii, p. 
728, 1850. 

— — Salter, Quarterly Journal Geol. Soc., toI. zx, p. 293, pi. x?ii, figs. 

2, 3, 1863. 

— Brimonti, Salter, Ibid., fig. 6. 

JS^ec. Char. Variable; somewhat sub-quadrate, with rounded angles, broadest 
anteriorly ; usually a little longer than wide ; sides more or less convex ; front either 

^ A point of interrogation placed before the specific name, as abore, will indicate that some un- 
certainty as to the value of the species is entertained by the author of this Monograph, or that its characters 
hare not been sufficiently determined. 

6 
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nearly straight and slightly indented, or presenting a veiy gentle convex curve ; beak 
short and very obtusely acuminated ; valves niodcratcly convex. Surface marked with 
numerous moi'e or less deeply indented concentric lines of growth* Two specimens 
measured- 
Length 13, width 12, depth 5 lines, 

M 13 V, 13^ jj ,, jj 

Oba. Unfortunately, M, Marie Rouault figures none of the many Brachiopoda he 
has described in the seventh and twentieth volumes of the * Bulletin ;' and, although his 
descriptions are generally carefully worded, it is well known that a figure is indispensable 
with reference to new species, and that no description will compensate for the omission,' 
Therefore, without being able to compare our Budleigh Salterton specimens with those found 
in Brittany, it is difficult to be absolutely certain with reference to the present identification. 
The French palaeontologist, moreover, informs us that his shell is of an almost circular 
form, a little longer than wide ; and I do not know whether our British specimens are 
sufficiently so to answer to the French description, which woidd agree more closely with 
the shell we have described further on as L. Salteri ; but as the shell has been so described 
and figured by Mr, Salter, I will for the present abide by his decision," 

L. Hatekei, as well as all its congeners, appejirs to Jmve been liable to malformation, 
or to present a greater or I^^ser depression in one of its valves^ together with an indents* 
tion or emargination of its front, under which condition is the specimen which Mr Salter 
thought might be identified with Rouault's Lin^tda Brimonii ; several examples, however, 
subsequently found by Mr. Vicary, clearly showed that this was not the normal condition 
of a species, and they may therefore be united with the above. 

As to geological age, it is the same as that of X. Lesueuri and Z» RouaulH, namely, 
the horizon of the Armorican sandstone of Rouault, which he places in the Lower Silurian. 



LiNGULA Lesueuri, Uouault, PI. I, figs. 1 — 11. 

LiNQULA Lesueuri, Marie Rouault, Bulletin Soc. Geol. France, vol. vii ; 2nd series, 
p. 727, 1850. 
— — Salter. Quarterly Journal Geol. Soc., vol. xx, p. 292, pi. xvii, 

fig. 1, 1863. 

1 So necessary is this found to be, that the Geological Society of France within the last few years 
determined not to publish in their * Bulletin' the description of any new species unaccompanied by a figure. 

2 M. Rouault describes his Lingula Ilawkei in the following words : " Longueur, 42 millimetres 
[20 lines]; Inrgeur, 38 millimetres [18 lines]; ^paisseur, 20 millimetres [16 lines]. Coquille de forme 
presque arrondie : un pen plus longue que large ; plus developpce en avant ; renfl^e vers le haut ; s'amin- 
cissant vers le herd : sans cotes a sa surface : lignes d'accroissement tres-marquees. Se distingue de 
L. dubia, D'Orb., par sa forme plus allongde et son pkis grand developpement ; et de Z. quadrata, Eich., 
par sa iargeur, qui est plus grande en avant, et beaucoup moindre en venant gagner la charuiere. 
Localite : Guichen [Brittany]." 
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^ec. Char. Shell depressed, slightly convex; very much elongated; sides 
usually more or less sub-parallel for about half their length from the front, and from 
thence gradually sloping by gentle curves until they unite at the beaks ; front very gently 
curved, almost truncated. Surface marked with numerous concentric lines of growth, 
which at intervals are more strongly indented, and by very fine radiating striae, which in- 
tersect the concentric ones. Interior unknown ; but two depressions or pits in the cast are 
seen close to the extremity of the beak. Proportions variable ; two specimens measured — 
Length 13, width S lines. 

Obs. Some thirty or more examples of this curious shell have been found by Mr. 
Vicary in the pebbles of grey and reddish sandstone or quartzite at Budleigh Salterton, in 
Devonshire, and were at once identified by Mr. Salter as agreeing with the descriptions 
published by M. Rouault in 1 850. Mr. Vicary found specimens of all stages of growth, from 
three lines in length to nearly two inches. It would not be quite correct to say that the sides 
are always strictly parallel for more than half the length of the shell ; for in many examples 
they begin to gradually taper almost from the front, as may be seen in the specimens 
figured. In France Lingula Lemeuri occurs at Guichen, in Brittany, in a white or bluish 
sandstone or quartzite, belonging to the Lower Silurian series, and forming part of M. 
Rouault's " etage du gris Armorican." ^ In Great Britain we do not find this sandstone 
in situ; but these and other fossils of the "Armorican stage" occur in well-rolled 
pebbles or boulders, which vary from a small size to that of a man's head, and which 
are generally of a flattened oval form.^ These boulders, together with others con- 
taining fossils apparently of another period, appear to have been drifted from some dis- 
tance, and to have been accumulated in a bed, whose greatest thickness is stated by Mr. 
Vicary to be a little over a hundred feet. In his paper " On the Drifts in parts of War- 
wickshire," published in the British Association Reports for 1865, and also in the ' Geo- 
logical Magazine,' vol. ii, p. 566, 1865, the Rev. P. B. Brodie mentions having found 
Z. Lesueuri, together with Orthis redux, in quartzose pebbles and sandstone, similar to 
those described by Mr. Vicary from Budleigh Salterton. 

It may still remain a question whether the shell which in the Museum of the Geological 
Survey bears the manuscript designation of Lingula Bechei^ from the Upper Llandovery 
of Marloes Bay, may not be a variety of Z. Lemeuri, for some of the specimens quite agree 
in shape with the Budleigh Salterton examples, though the surface is far rougher. 
M. Rouault observes that his species approaches most nearly to Z. Muensterii, D'Orb., but 
that it may be distinguished from it by its more regular form, and the complete absence 
of three longitudinal furrows which characterise the Bolivian shell. 

1 See Messrs. Vicary and Salter's paper on the " Pebble-bed and Fossils of Budleigh Salterton," 
•Quarterly Journal of the Geol. Soc.,' vol. xx, p. 283, 1863. 

2 Mr. Salter has lately published (*Geol. Mag.' April, 1866,) his view that these sandstones and shales 
of Brittany are of the age of the Arenig or Skiddaw slates (the " Lower Llandeilo" of Murchison). 



? LiNGULA Bechet, Salter, MS. PL I, figs. 12—13. 

Spec. Char. Shell raucli elongated, depressed ; sides sub-parallel for some distance, 
or gradually tapering from near the front to the beak ; front slightly rounded or almost 
straight ; surface marked with numerous fine, undulating, small^ concentric lines of growth, 
which at intervals are more deeply indented^ and crossed by very fine radiating liueis. 
Two specimens measured — 

Length 17, width 9 lines- 
„ 12 ,, 6 „ 

Oba. I have already stated that, if this shell is not L. Zesueuri, or a variety of 
it, it is a very closely allied form; but I have provisionally retained Mr. Salter's varietal 
or specific designation of Beckei^ since he considers the two to be quite distinct. 

Position and Locality, Upper Llandovery, Marloes Bay, 

LiNGULA ATTENUATA, Sow. PL III, figS. ]8^27< 

LiKGtLA iTTEKUATJL, Saw. Siluriao System, pL zxiij fig. 13, 183P; and SUuriav 

pi. ?, fig. 16, 1859. 
[— ^^ Porihek, Report on the Geology of Londonderry, &c,, p. 443, 

pU %%%, fig. 4, 1843?] 
[ — — MCoy, Bynopsu Si!. Fosb. Ireland, p, 24, 1846 

[— — /. Hall. Pal«ont New York, vol. i, p. 94> pi. us, Ag* Ip 

1847?] 

— — M'Ci^. BrUUb PjU, Fo**., p, 25 J, 1852. 

— cuttTA WCq^ (not of Conrad), ibid., p. 251, 1852* 

Spec, Char. Ovate- acute, longer than wide, sharply acuminated posteriorly or towards 
the beaks ; anteriorly the sides and front are very much rounded ; valves slightly convi^x ; 
surface marked with numerous concentric lines of growth, which at irregular intervals are 
more deeply indented, A large example measured — ^^ 

Length 9, width 6| hnes. 

Obs. This shell varies in the degree of acumination of its posterior portion or beak, 
the sides being more sub-parallel in some examples than in others. Prof. M*Coy states 
that it is, perhaps, more allied to X. ovata, M'Coy ; but it really does not much resemble 
it, being considerably shorter and wider, with longer posterior lateral margins, besides 
being very much smaller ; and these diflferences become greater as specimens of the two 
species approach each other in size. 

Position and Locality. It occurs in the Llandeilo flags only, according to Mr. Salter. 
Very characteristic examples are found in the Llandeilo flags of Llandeilo and Shelve ; also 
at Coed Sion, Llangadoc ; Middleton, east of Chirbury ; Rorington, Salop ; Cameddaiij 



I 
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Builth district ; ftc Mr. Lightbody has found the shell in the Upper Llandeilo beds west 
of Meadowtown. [Prof. Phillips states that L. attenuata occurs under the Worcester 
Beacon ; at Storridge ; Cowley Park Obelisk, in the Malvern district ; and at Ankerdine 
Hill, Abberley district ; all these localities being in the " Upper Caradoc " (as it was then 
called) or Upper Llandovery rocks. Prof. M'Coy mentions it from thin sandy (Bala) beds 
east of Nant-y-groes, south of Bala, North Wales. In Scotland it possibly occurs at 
Balclatchie, Girvan, Ayrshire ; but these are Caradoc beds, according to our best authori- 
ties. In Ireland it has been identified from the Llandovery slates of Kilbride, Cong, 
County Galway ; and General Portlock mentions Tyrone, Desertcreat.] ^ 

In N. America it is stated by Prof. Hall to occur in great numbers about midway from 
the base to the top of the Trenton limestone, also at about fifty or sixty feet above the 
Birdseye limestone. 

LiNGULA STRIATA, Sow. PI. Ill, figS. 45—48. 

LiNOULA 8TBIATA, Bow, Sil. Syst., pi. Tiii, fig. 12, 1839; and Siloria, pi. iz, fig. 7, 1859. 

Spec. Char. Squarish- ovate, longer than wide; sides slightly curved and sub- 
parallel ; front gently convex, or nearly straight ; posterior lateral margins sloping gra- 
dually, so as to form acuminate pointed beaks ; valves very moderately convex and flat- 
tened along the middle surface, marked by numerous fine, concentric, raised, undulating 
ridges or striae, with wider interspaces between them. Length 9, width 6 lines. 

Ohs. The concentric undulating striae which ornament the surface of this species are 
exceedmgly small, seventeen existing in the width of a line near the front, in Murchison's 
original specimen, so that they can hardly be perceived except by the aid of a lens ; 
the interspaces between these ridges are irregular in then: respective widths. 

Position and Locality. Z. striata has been found in the Lower Ludlow rock near 
Aymestry, also at Ledbury. It occurs likewise in the Wenlock shale, near Dudley. 
Blr. Lightbody states that near Ludlow the shell is peculiar to the upper beds of the 
Aymestry limestone ; and that he has obtained it at Whitecliff, near Ludlow. 

XiNGULA Stmondsii, SaltcT, ms. PI. Ill, figs. 7 — 17. 

Spec. Char. Longitudinally oval or ovate, broadest about the middle, slightly tapering 
at the beaks, rounded in front ; valves moderately and evenly convex, one valve a little 
Qore so than the other ; surface smooth, marked only with fine concentric lines of growth, 
w lai^ example measured — 

Length 12, width 7 lines; but the shell is more often smaller. 

^ Mr. Salter telU me that these Irish determinations are erroneous; fragments of other species 
Hiring instead. 
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Oba. This Lingula^ although distinct, bears resemblance to some variatiaus in shape 
of X. ovatq, M'Coy,^ broader species. 

Pfmtion and LomlUy. It occurs at Penlan Llandovery, and Mandinanij in the Upper 
Llandovery rocks ; in Woolhope limestone at Sandbanks, Fresteign ; and at Ballard*s 
Quarry, the Wych, Malvern ; but it is most abundant in the Wenlock shale at Build was, 
Wenlock Edge ; also near Dudley ; Rushall Canalj near Walsall ; Alfric Pound, Malvern ; 
also in the Lower Ludlow of Ledburjr ; at Barr, Staffordshire, in Woolhope limestone. 
Specimens from nearly all these localities will be found figured in our plate. 

LiNGULA COENEA, SoW, PI, H^ figS. 28 35^ 

Ltngcla cobnea, Sow, Siluririn System » p, COS, pi iil, 6g*3, 1S39 ; Silurirt, pt, xmjnr, 
tig. 2 Add ivoodcut \ fofis* 22, £g. 3, p, \ii^^ 1859* 
_ _ MCoy. British Pal, Foaaila, p. 251, 1852. 

Spec. Char. Oblong, sub-pentagonal ; sides straightj nearly parallel, and posteriorly 
converging by a gentle curve m as to fomi obtusely angular beaks ; front margin nearly 
straight or gratly rounded ; valves moderately convex, most so near the bcaks> flattened 
anteriorly ; shell thin, closely marked with delicate, slightly uudrdated lines or wrinkles 
of growth. A well-shaped specimen measured^ — Length 7, width 6 line^. 

Oba. As some difference of opinion has been expressed as to w^hat forms should 
be referred to this important species, as well as to its stratigraphical position, we 
will enter upon a few details in connection with the snbject. L. cornea was first 
described by Mr. J. de C, Sowerby, at p. 603 of the ' Silurian System (1839)/ aa "com- 
pressed, oblong, rectangular, nearly half as long again as wide ; texture approaching 
horny. Length 7, width 5 lines. Loc. Tin Mill, Downton, Ludlow/^ In the " Ta- 
bular Lists of Organic Remains," &c., published in the same work, Z. cornea is placed 
in a column entitled " Middle and Lowest Divisions of Old Red Sandstone." In the 
adjoining column, devoted to the " Upper Ludlow Rock," is placed Sowerby's Lingula 
minima, which is described at p. 612 (pi. v, fig, 23), as follows: — '* Oblong, elongated^ 
with parallel sides, flat, smooth, and thin. Length 4 hues, width 2^ lines. The species of 
Lingula so nearly resemble each other, that it is difficult to distinguish them by words. 
The specimen may be the young of some other species. Locality : Delbury; Downton 
Castle." In ' Siluiia' no mention is made by Mr. Salter of X. minima ; while the original 
representation of L. cornea is given by him (namely, the one drawn in pi. iii, fig. 3, of the 
' Sikirian System/) as from '' Upper Ludlow rock, Tin Mill, Downton." He admits, in a 
letter, that this should have been " Passage-beds." ^ 

The original type of Z. cornea wdiich occurs in the Passage-beds is variable in shape, 

^ Mr. Salter has subsequently separated these ofip as the lowest member of the Old Red Sandstone, and 
named them *' Ledbury shales." See ' Quart. Jour. Geol. Soc.,' vol. xix, p. 494, 1863. 
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and occurs very often together with spines of Onc/ius and other Fish-remains. It is a 
much larger and more oblong and rectangularly shaped shell than the one met within such 
profusion in the "Downton sandstone/' underlying the *' Passage-beds" above mentioned ; 
and it has been 9 question with Mr. Lightbody whether the " Downton sandstone '' shell 
should be considered specifically the same as Z. cornea proper, since it appears to differ 
from it in shape, size, and locality. 

Now, it is probable that Sowerby was himself impressed with the same uncertainty ; 
and it was to the .small elongated form from the " Upper Ludlow rock" or " Downton 
sandstone" that he originally applied the designation of Z. minima ; for under " Upper 
Ludlow rock" he makes no reference to Z. cornea ; and the dimensions given to Z. 
minima coincide exactly with the average proportions of the specimens of Lingula which 
occur in the " Downton sandstone." The " Tin Mill beds," assigned by Sir Roderick to 
his typical Z. cornea^ are identical with the Passage-beds ; and are higher up in the scale 
than the " Downton sandstone " where Z. minima is located. The narrow form, or the 
one last named (states Mr. Lightbody) does not seem to appear till we get to the 
" Trochus-bed/' a sandy bed forming the base of the " Downton sandstone," and, near 
Ludlow, lying about a yard above the Bone-bed, and containing a new Modiolopsis, 
PlatyscAisma (li'ocAus) helidtea (though the last-named shell is also found in the mud- 
stone intercalated with the Bone-bed), and a vast abundance of Beyricliia Klcedeni. 
Thanks to Mr. R. Slimon, I have likewise been able to examine a number of Lingulae 
termed Z. cornea by Sir R. Murchison and Mr. Salter in their paper on the " Uppermost 
Silurian Rocks near Lesmahago, in Scotland" (' Quarterly Journal Geol. Soc.,' 1856). 
These Lingulae, as in the " Downton sandstone," partake of the same character, but are 
smaller and more elongated than the typical Z. cornea from the Passage-beds above. I 
would, therefore, (notwithstanding the statement made by Prof. M*Coy at p. 251 of his 
' British Pal. Fossils,' namely, that Lingula minima does not show the slightest differ- 
ence from Z. cornea that he can perceive,) feel disposed to retain the term cornea for the 
form first described in the * Silurian System,* and that of minima for the smaller and more 
elongated shell found in the " Downton sandstone " and Trochus-bed at Ludlow and 
Lesmahago. 

Position and Locality. Z. cornea occurs, therefore, in the " Passage-beds," which 
Sir Roderick Murchison considers to belong to the uppermost portion of his Silurian 
system (see ' Siluria,' chap, vii, p. 154, 1859). The typical form is abimdant at Tin Mill, 
Downton ; in the railway-cutting at the north end of Ludlow ; at Brockhill and Steventon 
turnpike, near Ludlow.^ [At p. 24 of his 'Synopsis Silurian Fossils, Ireland,' Prof. 

1 Mr. Lightbody, who has devoted much care to the study of the Ludlow locality, seems disposed to 
concur with Mr. Salter in considering these *' Passage-beds" as part of the Lower Old Red Sandstone, 
because, according to the Rev. W. S. Symonds' sectiou at Ledbury ('Quart. Journ. Geol. Soc.,' vol. xvii, p. 155), 
where the beds are continuous, they are 300 feet above the top of the "Downton sandstone." Though at 
Ludlow the junctions are all obscured, yet there is no doubt of these beds being above the horizon of the 
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M'Coy describes or mentions a Lingula iioder the above name from Doonqum, Dingle J 
County Kerry, and a figure of it will be found in our plate. It is certainly a distinct 
species. — J. W. S.] 

? Lingula minima, Z de C. Sow. PI. II, figs. 36—44, 

Lingula uiniua» Sow. Silurian System, p. 612, pi. v» fig. 2^^ )8d9- 

— — u 11 gui cuius, Saiter MS. 

Spec. Char. Shell small, oblong, elongated ; sides curved, gradually merging into tliel 
slopes forming the acuminate painted beaks; front rounded; valves slightly convex £md| 
marked with fine concentric striae. Two specimens measured — 
Length 4, width 2^ lines (Sowerby^s type}. 

„ 6 J, 2| „ (a Lesmahagu specimen). 

Oh%. The reason for retaining this form as a separate species, or a named variety 
L. cornea^ has already been stated. Mr, Salter has given the MS. name of i. nn^uieulu 
to some small LingulEe (in the Museum of the Geological Survey^ figs* 42 — 44 of m 
PI. II) which occur, with a spiral shell, in beds at the top of the Ludlow rocks at Birken- 
head Bum^ near Lesmahngo ; but these so closely resemble some of the Down ton sand* 
stone specimens of L. minima ^ that we prefer, at least for the present, placing them wit6 
the latter. Prof. Phillips, at p. 276 of voL ii, part 1, of the ' Memoirs of the Geologica 
Survey/ states that he found Lingula minima ^ Sow., in the Down ton sandstone of Brocl 
Hill, in the Malvern district. 

DowDton sandstoDe. Sir R. Murcliisoii, Frof* Raniiny, end Mr. S&lter examined tbe sections in his 
company ; and all ngreed in couaLdering tbem to be higher in ppaiuon. 

Mr. Lighthody kindly sends me the following note with reference to his locality : — " In the * Downton 
sandstone,' which iinderHes the ' Passage-beds/ I have never found any MoUusca except X. minima and a 
species of Modiolopsis, The ' Trochus-bed ' is at the bottom of the Downton sandstone ; and about three 
or four feet lower is the * Bone-bed,* which is nearly at the top of the mudstone. Spirifer devatus occurs 
m a layer a little under the * Bone-bed ;* and, lower still, Pterinea retroflexa. These upper beds are 
yellowish, and underlie the first quarry of Whitcliflf next Ludford, and are thin and very fossiliferooa-^ 
Chonetes lata, Rhynchonella navicula, Rh. nucula, Orthis lunata, O. elegantula, Goniophora cymhctformu^ 
Serpulites longissimus ; and most of these fossils occur also in the Lower Ludlow below ; but in true 
Upper Ludlow I have never seen Atrypa reticularis, nor any Strophomena, These last come in with tbe 
Aymestry upper beds abundantly ; but these beds have been sometimes, and especially in Whitcliff, 
confounded with the Upper Ludlow, and consequently the Rh. navicula band has been put too high up. 
This bed really belongs to the Upper Aymestry limestone ; and even above it can still be seen traces of the 
honeycomb-structure which has been referred to by Sir R. Murchison as characteristic of the Aymestry 
limestone. These Upper Aymestry beds are interlaced with calcareous bauds, which the Upper Ludlow is 
not; and below them the limestone gets stronger, and composes the mass of the rock, though still too 
argillaceous to burn into lime. Below this again come the beds of Pentamerus Knightii, like an oyster-bed 
crammed full of shells crushed together; this they burn as lime. Then come the Lower Ludlow beds; 
and, as seen at Mocktree, one cannot tell where the Aymestry limestone ends and the Ludlow begins in 
that fine section along the turnpike-road." 
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Pasitian and Locality. The position has already been explained. It occurs on the 
Old Leominster Road, near Ludlow ; at Downtou Castle ; near Lesmahago, in Lanark- 
shire, &c. 



(?) LiNGULA Ramsati, Salter. PL III, figs. 49—52. 

LiNGULA Ramsati, Salter. Siloria, p. 55, Woodcut foss. 10, fig. 20, 1859. 

Spec. Char. Ovate, longer than wide; sides slightly convex, merging posteriorly 
by a gentle curve into the acuminate beak, and anteriorly into the more or less 
rounded front; valves very slightly convex. External surface finely reticulated, the 
radiating raised lines being crossed by still finer concentric ridges, and thus leaving 
minute quadrangular spaces between them. Dimensions variable ; a large specimen mea- 
sured about an inch in length by something less in width. 

Obs. Mr. Salter had no opportunity to describe his species ; but he gave it a name, 
and placed a reduced figure of it among the characteristic fossils of the Llandeilo flags, 
in ' Siluria/ 2nd edit. Although I have seen a good number of specimens of this species, 
none exactly retain their true shape, and I am not quite sure about its real form, the 
shells being usually flattened and distorted, from the effects of pressure, cleavage, and 
fossilization. The external surface is rarely preserved, so that a further search for better 
examples would be very desirable. This species is very abundant in the only locality 
known. 

Position and Locality. L. Bamsayi occurs in black Llandeilo flags at Abereiddy Bay, 
Pembrokeshire; specimens may be seen iu the Museum of the Geological Survey, 
London. 



LiNGULA LATA, SoW. PI. Ill, figS. 40—44. 

LiNGULA LATA, Sow. Murchison's Silurian System, p. 618, pi. viii, fig. 11, 1839; and 
Siluria, 2nd edit., pi. zz, fig. G, 1859. 
— — MCoy. British Pal. Foss., p. 253, 1852. 

Spec. Char. Shell small, ovate, longer than wide ; sides slightly convex, and gradually 
converging into the rounded slopes which form the obtusely angular beaks ; front gently 
rounded; valves very slightly convex. Surface marked with fine concentric lines of 
growth. Length 3, width 2 lines. 

Obs. This important little shell is described by Sowerby as ** obovate, flat, smooth ; 
front edge truncated ; width about 2 lines, length 3 lines. Loc, Ludlow escarpment, 

7 
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Eiton^ Evenhay." But it is onlj' flat from pressure, for well-preserved speelroens are 
gently convex, and the front edge ia not truncated, but rather rouoded, as Sowerby's 
original figure clearly shows. 

Position and Locality, In the typical localities near the town of Ludlow^ it is found 
in Lower Ludlow rocks, occurring at Vinnal Hill, at Elton, and Church Hill, near Ludlow ; 
also in a bed close to the "bone-bed'' at Ludford Lane, Ludlow. Also in Lower 
Ludlow at Ledbury and Ayrnestry^ as well as in the Aymestry limestone of Mocktree, 
near Leintwardine, Shropshire; also at Kendal, Westmoreland, &c. In Scotland, in the 
Ludlow beds of the Pentland Hills, where it was first discovered by Mr, D, -L Brown, of 
Edinburgh. 

I am very much puzzled to distinguish specimens found ia the Lower Silurian rocks, 
and known by the name of L. brems, Portbck, from Z. lafat Sow.^ for they difier but 
little in size and shape, as may be seen from the series of figures iu PI, 111, where 
both species are ilUist rated. I can scarcely believe that L. lata lived also in the 
Llandovery and Caradoc periods, although, to my mind, such would not be an impos&i« 
bility; however, since many palaeontologists might diflFer from me upon this subject, I 
will provisionally retain X. brevis m a separate species : and I am quite certain that tlie 
shell described and figured as L. lata by Portlock from Tyrone, Desertcreat^ in Ireland^ 
does not belong to the species described by Sowerby under that designation. 



(?) LiNGULA BREvis, Portlock, PL III, figs, 34—39. 

LlNGLLA B&STIs, Pdirihek. Report on the Geolngy of the Connty of Loudondtny 
and of pnrt of Tyrone and KcnaaiiagU, p, 443^ pi. xwi^ %, % 

1843. 

Spec, Char. Shell small, ovate or oval ; sides gently curved; beak acuminate; front 
rounded ; valves very sligtitly convex, and marked bjf fine lines of growth. 
Length 4, width 3 lines. 

Obs, This so-termed species has given me no little trouble, for it was not, at first, 
possible to find Portlock's figured type; and several examples labelled L. brema in the 
Museum of the Geological Survey of Ireland differed slightly from Portlock's figure, but 
still, I think, not sufficiently so to admit of another designation. 

Portlock describes his X. brevis as follows : — "Acuminated retrally, but quickly attain- 
ing the full breadth ; sides sub-parallel ; front flat, rounded; length to breadth 5 to 4; 
surface flattened, smooth, and very faintly marked by lines of growth. This has a short 
wide aspect ; but it may be the young of another species, the breadth not increasing [in 
this genus] in the same proportion as the length. Three specimens, all small, -19" long. 
Loc. Tyrone, Desertcreat: Sheet 37, No. 2." 
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After considerable search Mr. Etheridge found, in the Museum of Practical Geology/ 
Jermyn Street, London, the specimen fig. 36 of our PI. Ill, with one of Portlock's original 
labels, " Ling, hrema,^^ attached to it. It may be one of the three specimens mentioned 
in that auttor's description : it is a little more regularly oval than is Portlock^s figure ; 
his illustration may, perhaps, not be entirely correct. In the Museum of the Geological 
Survey of Ireland a number of small oval Lingular from the Caradoc of Desert- 
creat, Tyrone (Portlock's locality), agree with the specimen found in the museum at 
London. Other examples from Tramore, Newtown Head, county Waterford, as well as 
from Rathdrum, Wicklow, in the same collection, are similar to those above described, 
and are likewise all labelled Z. hrevxB. Therefore I think we cannot do better than adopt 
Portlock's name for the shells defined above ; and a series of carefully drawn figures from 
the different localities named will be found in our plate. Z. brema approaches sometimes 
in size and appearance to certain examples of lAngtda lole of Billings (' Geology of 
Canada,' Palaeozoic fossils, vol. i, p. 215, fig. 199) ; but the Canadian shell is more rapidly 
acuminate towards the beak than is Portlock's species. 

Position and Locality. The Irish specimens are all referable to the Caradoc rocks. 
[Prof. Harkness quotes the same shell from the " Skiddaw Slates " of Outerside, near 
Keswick, in Cumberland. These, which are the lowest sedimentary rocks of that coimty, 
have been determined by Salter to include equivalents both of the Lower and Upper 
Llandeilo rocks of Murchison.] 



(?) LiNGULA LONGissiMA, Pander, PI. Ill, fig. 28 — 30. 

LiNQULA LONOissiMA, Pander, Beitrage der Geognosie des Russisclien Reiches, pi. iii, 
f^f^, 21, 1830. 

— — DeVerneuil, Geology of Russia and the Ural Moan tains, vol. ii, 

p. 293, pi. i, fig. 11, 1845. 

— — Kutorga. Dritter Beitrag zar Pal. Russlands, p. 43, pi. yii, fig. 3, 

1846. 

— — M'Coy, British Pal. Fossils, p. 253, 1852. 

Spec, Char. Almost completely and regularly elongate-oval, much longer than wide ; 
sides moderately convex ; front much rounded ; beaks bluntly acuminate ; valves nearly 
equally and very gently convex ; surface almost smooth to the naked eye, but under a 
lens marked with fine concentric lines of growth. Two specimens measured — 
Length 7, width 4, depth 2 lines, 
„ 4, „ 2 lines. 

I Mr. Salter tells me that all Portlock's originals are to he found (with the original labels attached) 
in the Museum, London, arranged and ticketed by himself; and that there is an authentic set in the 
Museum at Stephen's Green, Dublin, 



i 
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Oba. Prot M'Coy identifies the shell under deacription with Pander^s P. ion^imma; 
and it certainly very much resembleB M. de Verneuil'a figure of the Russian spociiis. 
Mr. Salter^ at p, 267 of his Appendix to Ramsay's ^ Geology of North Wales/ unites 
McCoy's P. hn^issima with his Z. ovata. 

Position and Localify, Through the kindness of Mr. H. Seeley, I have been enabled to 
draw the Cambridge Museum specimen described by Pro^, M'Coy, which w^as found in the 
Bala limestone of Mynydd Fmn Frys, five miles west of Chirk^ North Wales. Much 
better and larger examples, agreeing still more closely with M. de VemeuirB figure of 
the Russian sheU, were obtained by Mr, D. C. Davies from the Bala shale at Moelydd, in 
Wales, and by Mr. Prosser from beds of the same age at Ketch Bridge, near Llanfyllin, 
In Russia Z. hn^dma was found by M. de Vemeuil at Pavlosk and Baltischport ; while 
Kutorga obtained his specimens al Fulkova, Pander figures only the anterior half of 
the abelL 

(?) LiNQULA OBTUSA, HdL PI III, fig. 3L 

LtKGULA oBTiTai^ HalL Pal. New YorV, vol, i, p. 98, pL %%x, fig. 7i I&47* 

— — JW'Coy. Bridah Pal. Foiftils, p, 253, 1852, 

Spec. Char. Broadly ovate, moderately convex at the beaks, flattened ton^arda the 
front, longer than wide, widest anteriorly ; sides slightly convex ; front rounded ; beaks 
obtuse; surface almost smooth, or marked by a few concentric lines of growth. 
Length (of the Cambridge Museum specimen) 7, width 6 lines. 

Obs. Prof. M'Coy describes and identifies a single specimen, found in the Llandeilo 
flags (Lower Bala rock) of Llandeilo, Caermarthenshirei with the Z. obtiisa of Hall ; and 
Mr. H. Seeley has enabled me to figure the specimen so described. I would not, however, 
from the inspection of a single example, venture to assert the identification to be correct : 
the specimen agrees pretty well with Hall's description and figure, although the beak is 
not quite so obtuse as in the American specimen, which came from the more shelly 
portion of the Trenton limestone of Middleville, Herkimer county. 

(?) Ljngula curta, Conrad, PI. HI, fig. 83. 

LiNCiUi.A CURTA, Conrad. Journal Nat. Science Phil., vol. viii, p. 266, pi. xv, fig. 12,1842. 

— — Hall. Pal. New York, vol. i, p. 97, pi. xxx, fig. 6, 1847. 

— — M'Coy, British Pal. Foss., p. 251, 1852. 

Spec. Char. Very obtusely ovate; sides and front broadly rounded ; beak small and 
acuminate ; valves very slightly convex, or flattened and marked by concentric lines of 
growth. 

Length 5, width 4 lines. 
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Obs. One specimen in the Cambridge Museum, from the " Calcareous [Lower] Bala 
flags of Wellfield, Builth/' was described and identified by Prof. M'Coy with the American 
Z. curia of Conrad, I have again, thanks to Mr. H. Seeley, been able to figure the spe- 
cimen so described by Prof. M'Coy. It certainly agrees pretty well with Prof. Hall's 
figure and description ; but from a single specimen I would not venture to assert the 
British shell to be specifically the same as that from the Utica slate and Trenton limestone 
of Middleville and East Canada Creek, or of Carlisle (Pa.), N. America. 

The identification of this and the preceding two species is, therefore, here given solely 
on Prof. M'Coy's authority. Mr. Salter is of opinion that this is the young of the common 
Llandeilo-flag fossil, L. attenuata, Sow. 

(?) LiNouLA PYGMiEA, Salter. PI. II, fig. 8. 

LiNOULA PYGMiEA, Salter. Quarterly Journal Geo!. Soc, yoI. zxi, p. 101, 1865. 

Spec. Char. Shell minute, thin, subcylindrical, gibbous ; beak somewhat obtuse ; 
anterior margin truncate ; surface finely striated transversely. 
Length ^^th, width ^th inch. (Salter.) 

Obs. Not having myself seen a specimen of this minute shell, I must be content 
with reproducing Mr. Salter's description and figure. Dr. Hall informs me that L. 
pygnuBa was obtained from the black shales, which correspond with the uppermost 
division of the Lingula-flag formation. 

Locality. Malvern Hills. 

LiNGULA (?) Salteri, Dav. PI. I, figs. 27—29. 

Spec. Char. Longitudinally oval or ovate, widest anteriorly or at about the middle, 
the sides and front forming a regular curve or half circle, which continues, but with less 
convexity, to the extremity of the beaks, the junctions of the slopes at the beaks forming 
an obtuse angle ; valves moderately convex, most so at a little distance from the extremity 
of the beaks ; surface marked with concentric lines of growth, more deeply indented at 
intervals. Two specimens measured — 
Length 24, width 22 lines. 
„ 19, ,. 18 „ 

Oba. Whether this shell be a lAngula or an Oholm is a question which the materid 
at my command will not enable me correctly to determine, for none of the specimens 
showed any portions of their interior. It much resembles Lingula exilis, Hall (' Thirteenth 
Annual Report of the Regents on the State Cabinet,' p. 76, New York, 1860), a shell 
occurring in the Hamilton group and Marcellus shale of Bridgewater, New York. 
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Prof. Hall's specimens measured about an inch in length, while an example of X. SaJferi, 
found by Mr. Vicary, had attained two inches in length ; it, however, remains a questiod 
whether the American and British specimens may not belong to a single species, 

Z. Salteri occurs in the Budleigh Salterton pebbles, and is supposed to be of the 
same age as Zinytda Lemtenri^ a fossU of the " Arraorican sandstone " of Normandy, which 
has been assigned by Marie Rouault and other palaeontologists^ upon good data, to the 
Lower Silurian series. 



LiNGULA (?) LEPis, Salter, 1865. PL III, figs, 64— 58. 

LiNQULA LEFI9, Salter, Siluris, p, 543, 1850. 

LiNOUL£LLA — Salter. MeQioir« of the Geological StMvtj of Great Britiun, voL 
p. 334, % II, 1866. 

i^eo. Char. Broad-ovate, longer than wide, depressed ; beak pointed, its slopes com- 
bining gradually with the lateral sides; front gently rounded; surface sharply marked 
with fine coneentric strise. 

Length 4, breadth 3j hues. 

Ob8. Almost every specimen I have seen of this shell is more or less distorted^ and, 
consequently, but little can be said with certainty of its specific characters* Mr. Salter 
informs us, however, that it is a smaller and rounder form than Z* Davisii, and that 
interiorly there exists in the beak a short groove for the passage of the pedicle (see figs. 
53 and 55); the central protractor muscles fill a narrow angular space, which is strongly 
bordered on each side* I must, however, remark that a specimen in the Museum of 
Practical Geology shows the interior (PL III, fig. 57) to possess characters so similar to 
those of Lingida proper that I provisionally place it with the last-named genus. 

Position and Locality, Mr. Salter discovered his species in the Lower and Upper 
Treniadoc rocks of the Portmadoc district ; very rarely in the higher beds of the Lingula- 
flags. 

It occurs in the Upper Lingula-flags, near Tremadoc; doubtful. In the Lower 
Tremadoc of Worn; Borthwood; Trwyn-y-Iago ; Cefn Cyfarnedd, east of Pontnant-y- 
Ladron, near Taihirion, on the Bala Road from Ffestiniog, &c. 'Here it is a common 
species. 

In the Upper Tremadoc, under-Moel-y-gest ; Garth, &c. 
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Genus or Subgenus — Lingulella, Salter , 1861. 
Memoirs Geol. Survey of Great Britain, vol. iii, p. 333, 1866. 

The characters upon which this genus (?) has been founded appear to me to require 
further examination, for the only character at present known which would distinguish it 
from Lingida seems to consist in a channel of the hinge-margin for the passage of a very 
narrow pedicle ; and this has been observed, to my knowledge, in one or two specimens 
only. The muscular and other impressions are remarkably faint and indistinct, even in 
the best-preserved specimens I have seen ; and the visceral surface of the shell in one 
specimen was covered with pits (PL IV, fig. 16) or rough prominences on the cast 
(figs. 14 and 15). 

The name Lingulella was first introduced about 1861, with the late Dr. P, S. 
Woodward's full consent ; and the name appears at p. 9 of Sir Roderick Murchison's 
Address to the Geological Section of the British Association, Manchester, 1861 ; but it 
is only in Mr. Salter's Appendix to the * Memoir on the Geology of North Wales' that 
the genus is for the first time described : 

" Nearly equivalve, broad-oblong, the ventral valve pointed, with a distinct pedicle- 
groove. Muscular scars strong, nearly as in Obolm, but the pair of anterior retractors 
(c) are more linear [than in Odolus], and the sliding muscles (b) small, and not quite 
external, as in Odolus." (I have reproduced Mr. Salter's figure, see PL IV, fig. 3, but 
cannot say that the muscular impressions are clearly defined.) "The form, as well 
as what we know of the interior, is more like Lingula than Obolus ; but the arrange- 
ment of the muscles in the only valve we possess of the interior (ventral?) is more 
like that in Obolus. The anterior retractors diverge widely, and are linear, the central 
(protractors ?) come nearly down to them, and the external (or sliding ?) muscles are 
too small and too near the centre for Obolus, The description of Obolella, Billings, 
* Geol. Survey Reports,' Canada, 1861, 1862, a good deal recalls this ; but his later 
figures show a very different set of muscular scars."^ 

Although I have examined a very great many specimens of the typical species 
i. Davisii, of M'Coy, none satisfactorily showed internal characters ; good interiors should, 
therefore, be sought for and studied. 

^ Mr. Salter*8 description of the muscles of Lingula or Lingulella, adopted from Woodward's ' Manual,* 
is not quite the same as that proposed by Mr. Hancock and adopted in my ' Monograph of Carboniferous 
Bracbiopoda,' pp. 199—205. 
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LiNGDLELLA DaVJSU, M*Coy (sip.)* PI IV, figS. 1 10, 



Lia^ula,i>ai?i#, Quarterly Journal Geol, Soc., ?q1. if, p. 71|1S46; Sedgwick, ib., luL til, 
pp, 14 Op U3, 147, 1847. 

LiKGULA DavibjIj M'Cotf. Alio* and Mag. Nut* Hist,, 2mi ser., vol. nii, p, 405 ; ftu4 
UritiAti PflJeeasEoic Fo*ftili, p, 252, pL i Lj fig. 7 ; alao, when d»' 
torted, Teilinomya Ungu!mcomt$^ ib., pi. i K, fig. 18, IB52. 

— OTATA, JfefCoy (parte). Brit Td. Fom., p. 254, i u, fig. ^ (tion i- owffftf, 

M*Coy), 1852. 

— DATtatl^ BalUr, Silurk, p, 53, Woodcut foas. 9, fig. U, 1859. 
LiNGULiLLA — SaiUr, MemoifB of tiie Geological Survey of Gre«t BritAiOi tral, 

iii, p. 3:i3, pL li, fig«. 7—12, pL 17, fi^. 14, lti5d» 

i^^c. CKflr- Depressed, ova to- pentagonal, longer than wide ; lateral Bides almost 
parallel; fipont nearly straight, or but shghtlj rounded; beaks obtusely angular, the slopes 
being almost straight; valves about equals and very slightly convex; hinge*arca in the 
ventral valve flat and rather broad, with a narrow groove in the middle. The surface of 
the area, in the vicinity of the fissure, is horizontally striated and marked out by slanting 
lines. Internal surface marked with numerous pits, especially near the hinge-lino. 
External surface covered with fine, sharp, concentric striae, or imbricating lainiuse. A 
large species; one example measures 13 lines in length by 10 in width, 

Ods. Prof. M*Coy and Mr, Salter have both bestowed much attisntjon to the study of 
this species; they have also given us good descriptions, as far as the material in their 
possession would permit, of its external as well as of its interior characters. Although 
extremely abundant in the localities where it occurs, the shell is usually, or I might say 
almost always, more or less flattened and distorted, compressed or elongated, from the 
effects of pressure and cleavage, and, consequently, but rarely shows its true shape; 
in some of these conditions it has even been mistaken by Prof. M*Coy for a species 
of Tellinomya — T. linffidacomes [Salter], Prof. M*Coy states that its external sur- 
face is marked *' with numerous faint, concentric, rather wide, sub-angular undulations 
of growth, accompanied by irregular, concentric, imbricating laminae ; striae ten in one 
line on the exterior of the shell ; no trace of l(3fi]g;itudinal external striae, but on the in- 
ternal cast a few faint, obsolete, flattened, fibrous radiations, observable with the lens ; 
.... this curiously wide satchel-shaped Linyula is the species discovered by Mr. Davis 

in such profusion in the Lingula-slates near Treniad(3C The British species 

most allied to this is the Z. atlenitata, So\v., which, however, is easily distinguished by its 
nuich longer, trigonal, retrally narrowed form, rising from the gradual passage of the sides 
into the posterior lateral margins (without angulation), the very prominent, narrow, gibbous 
form of the beaks, frc. The substance of the shell is very thin, and the traces I have seen, 
apparently of the mesial ridge, extend little more than one third the length of the shell. 
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The shell is usually found in the state of cast, so that the surface-markings of the shell are 
not always sharply visible/' (It is, however, often perfect. — J. W. 8.) 

Position and Locality. Of all the fossils found in the Lingula-flags this appears to be 
the most abimdant, and especially so in the lower and middle portions, being quite rare 
in the upper part ; but, as observed by Mr. Salter, it occurs of nearly full size again in the 
sandy beds of the Upper Tremadoc slate. Indeed, the designation of LingtdO'flagB was 
first applied (by Professor Sedgwick) in consequence of Mr. Davis' discovery of L. Bavisii 
in these rocks near Tremadoc in 1845, for this shell was found to be so characteristic 
that it gave the name to the formation. It is, indeed, one of the oldest Brachiopoda 
hitherto discovered; but Mr. Salter informs me that other species of Lin^ula or 
LinguleUa occur even 4000 feet lower down in the rock-series. 

In the appendix to Prof. Ramsay's memoir Mr. Salter gives the following localities : 
Lower Lingida-jlags (North Wales) — Camedd FiUast, Bangor; Marchllyn-mawr, 
Llanberis; Tremadoc; Ffestiniog; Dolgelly; everywhere in the middle band of the 
Lingula-flags, rare in the lower black slates, at Maentwrog. In the Survey Collection 
there are many specimens from the Lower Lingula-flags of Pen-y-Bryn, five miles north 
of Dolgelly, Bryn-mawr House, &c. ; near Nant-y-Groes, to the west of Bala, North Wales, 
and other localities. In South Wales — ^Whitesand Bay, near St. David's Head, Pembroke- 
shire.^ Abundant in the Upper Tremadoc beds, at Deudraeth ; Garth. Prof. M'Coy states 
that it is extremely abundant in the Lingula-slates south of Penmorfa; Tremadoc, 
North Wales ; and he also quotes it from the Bala limestone of Coniston, Lancashire ; 
but from these Bala schists and limestones I have not seen specimens, and Mr. Salter 
tells me it is the true Z. ovata that is meant. And as I have already had occasion to 
observe, in the description of L, ovata, I consider the specimen so named and figured 
by M'Coy ('Br. Pal. Fos.,' pi. 1 l, fig. 6), "from the Lingula-slates of Penmorfa," to be 
only an elongated specimen of Z. Davisii, and so shaped from the effects of cleavage. 
It occurs of every possible form. 

^ Mr. Salter observes, at p. 249 of bis Appendix, tbat the range and persistence of tbis LinguleUa 
(ur lAnguld) is remarkable ; it is found in quantity everywhere throughout the Tremadoc country and the 
Tale of Ffestiniog, and through the wild moory ground aa far east as Llyn Dywarcben, where it was 
detected by Prof. Ramsay. Mr. Salter found it there in plenty in 1853, and also at Pont Nant-y-Lladrou, 
on the Bala road. East of that line the hard Lingula-flags do not occur; but, followed to the south-west 
and south, it has been found by the Surveyors everywhere to hold the same horizon, that is to say, in the 
middle or quartzose series of the Lingula-flags. He has found it near the base of the slates, in company 
with Trilobites, near the Maentwrog waterfall, as above noticed ; but it was small and ill-developed there, 
M it is also in the beds which overlie the Lingula-beds ; yet, strange to say, it reappears in the upper 
portions of the next or overlying formation, of nearly its full size and character. We must also refer the 
reader to a very interesting paper by Mr. Salter, " On the Lowest Fossiliferous Beds of North Wales/' 
pablished in the ' Report of the British Association for the Advancement of Science' for 1852 (Transact 
Sections), wherein the author gives many details with reference to the geological position of the beds which 
contain Lingula Davmiy and which were, even at that time, determined by M. Barrande to be equivalents 
of bis Bohemiau " Etage C." 

8 
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In the Lower SUuriaii shales of Bellewstown, County Meath, Ireland, we find gome 
flattened distorted LinffulWt which mayj perhaps^ belong to the species under descrip* 
tion ; we have given a figure of them in our plate. This species probably occurs in the 
slates of the age of the Lingula-flags in several parts of the northern heniisphere, and 
Mr. Salter refers it, but with some uncertainty, to the Alum-slates of Christiania 
(Kjerulf 8 Collection in the Museum of Practical Geology). 



Gmim—OBOus^, Eichwaid, 1829. 

Bef. Eichwald, 'Zoologia Specialist toI i, p. 274. — Ungtjla, Pander, 'Beitrige 
zur Geognosie des Russischen Reich.,' ISSO.^Orthis, von Buck (pars).^AtTiiONOTRETA, 
Kutorga/ Ueber die Siphonotreteae/ &c., 1847, — Obolus, Morris, * Annals and Mag. of 
Nat. Hist./ vol. iv, p. 319, 1849, Davidson's 'Monograph Brit. Foss. Brach.j' voL i, 
General Introduction, p, 135, 

As I have already described this genus so far as oxu- stil] incomplete knowledge of its 
structure will admit, all that need be repeated is^ that it will require to be maintained as 
a section of the Family lAngulidm^ 



Obolus Davidsoni, iSb//er. PL IV, figs, 30—39. 

Oboltjs DavidsonTj Salter, MS. Dayidaon'i Monogr. yoL i. General jlntrod action, 
p. 136, figs. 54, 55, 56, 1853. 

— — Woodward. Manual of the MoUusca, p. 240, 1856. 

— — Salter, Murchison's Siluria, 2nd ed., p. 543, 1859. 

— — Lindstrom. Silurian Brachiopoda of Gothland ; Ofversigt af K. Vet. 

Akad. Forhandl., p. 375, 1860. 

Spec, Char. Transversely oval, sub-equivalve, valves almost equally and moderately 
convex. Ventral valve with a very short obtusely pointed beak. In the interior the 
hinge-margin of the ventral valve is thickened with a small groove in its centre, a narrow, 
slightly elevated, longitudinal ridge extending also to a short distance inwards, with a 
small oval muscular impression on either side close under the hinge-area ; towards the 
middle of the shell are two larger obliquely placed oval scars, separated by a tongue- 
shaped depression, which extends to some distance further down and is shghtly raised 
from the bottom of the valve. In the interior of the dorsal valve two small horizontal oval 
impressions are also visible close under the narrow hinge-margin, and towards the 
middle of the valve are two obUque muscular scars, also separated by a tongue-shaped 
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space^ which is not prolonged further than the anterior margin of the impressions. 
Surface smooth, marked with concentric Unes of growth ; shell-structure calcareo-corneous. 
Length 14, width 16, depth 5 lines. 
01)8. Prior to 1853 internal casts of this curious fossil had been found very abun- 
dantly in the Wenlock shales near Dudley and Walsall, as well as in those of other 
localities, but palaeontologists were at a loss to determine the genus to which they 
belonged, and my friend Mr. Salter asked me to describe them for him. Having received 
about that period an extensive series of Russian examples of Oholm JpolUnia and 0. 
sculptus, I recognised that our English casts were referable to the Russian genus, and that 
they were the largest representatives of Obolu^ known up to that period.^ 

Mr. Salter is of opinion that the specimens found near Walsall and elsewhere really 
belong to two or three distinct species ; but as Dr. S. P. Woodward and myself felt at the 
time very uncertain whether sufficiently distinctive characters could be found to separate 
them specifically, I preferred describing them provisionally as named varieties of 0. 
Lavidsoni ; and, indeed, there seems to exist every passage in shape between the typical 
form of 0. Davidsoni and 0. tramversm. In PI. IV. I have figured many specimens, to 
show how much their interior markings vary in detail. 

Position and Locality. Wenlock shales, Rushall Canal, near Walsall, Dudley, and the 
Wenlock limestone of Benthall Edge ; it has also been found in the Wenlock shales of the 
Malvern and Ledbury Tunnel (Mus. P. Geol.). In Ireland it occurs in Upper Silurian 
shales at Ferriter's Cove; and imperfect specimens from that locality may be seen in 
the Museum of the Geological Survey, Dublin. It has also been obtained by Prof. 
Lindstrom in the Upper Silurian limestone of Gothland and Faro. 



Var. TRANsvERSus, Salter. PI. V, figs. 1 — 6. 

Obolus TRANSVERSUS, Salter, MS. Davidson's Monogr., vol. i, General Introduction, 
p. 136, fig. 53, 1853. 

Shell transversely oval, depressed. Length 19, width 28 lines. 

Obs. In some specimens of Obolus Damdsoni the posterior margin is very obtuse and 
almost straight ; the surface smooth and marked with concentric lines of growth ; and 
on a cast found by Mr. Mushen, and figured in our plate there exist a number of spine- 
like impressions, which would lead us to suppose that the surface had been originally 
covered with spines. 

Position and Locality. This variety occurs in the same localities as the preceding, but 
is most abundant in the Wenlock shale of Parkes' Hall, near Dudley, at Walsall, and also 
in the Woolhope limestone of Malvern. (Mus. Prac. Geol, and many cabinets.) 

' Some years later Mr. Billings discovered in Canada a very interesting large species of the same genus, 
to which he applied the specific denomination of O. Canadensis Q Geol. Survey of Canada,' 1857). 
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Var. WooDWAEDir, Salier. PL V, figs, 7, 8. 

OfiOLna WooowABBii, Baiter^ MS, (Kus, P. Geology). 

Shell transversely ovalj posterior marginal almost straight (?) ; surface marked with 
concentric lines of growth. Length 22, width 27 Unes. 

0b8. Certain undetermined differences are observable in an imperfect cast ; but 
the material at command is very incomplete. 

Position and Locality. Wenloek limestone, Dormington Wood, Woolhope^ and 
Wenlock shales near Dudley, Both specimens may be seen in the Museum of Practical 
Geology. 



ffe;?w5— Obolella, Billingn^ 1861. 

Bef. ' Geology of Canada/ " Palaeozoic Fossils/' vol i, p. 7, I86L 

Not having been able to study the interior characters in this genus, all I can do is to 
reproduce Mr. Billings' description, 

*' Generic Characters. Shell ovate, circular, or sub-quadrate, convex or plano-convex. 
Ventral valve with a false area, which is sometimes minute, and usually grooved for the 
passage of the peduncle. Dorsal valve either with or without an area. Muscular 
impressions in the ventral valve four, one pair in front of the beak near the middle or in 
the upper half of the shell, and the others situated one on each side, near the cardinal 
edge. Shell calcareous ; surface concentrically striated, sometimes with thin, expanded, 
lamellose ridges. 

'* In general form these shells somewhat resemble Obolus, but the arrangement of the 
nmscular impressions is different. In Obolus the two central scars have their smaller 
extremities directed downwards and converging towards each other, but in this genus 
the arrangement is exactly the reverse." 

Six Canadian species are described by Mr. Billings ; but, unfortunately, the shells 
are small, and the figures showing the interior markings not sufficiently distinct. Nor do 
our British specimens help us out in this particular. Messrs. Meek and Hayden, while 
describing their Obolella nana, observe that " since seeing Mr. Billings' figures of his 
genus Obolella, recently published, they are fully satisfied that he is right in separating 
these shells from the genus Obelus'* 

It is not, however, perfectly certain that any of our hitherto discovered British species 
agree with Mr. Billings' genus, although two or three have been referred to it. 
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Obolella ? PLUMBEA, Salter. PL IV, figs. 20 — 27. 

LiNGULA PLUMBEA, Salter^ Siluria, 2nd ed., p. 50, Foss. 8, fig. 1, 1859. 
Obolella — Id.^ Memoirs of the Geological Survey of Great Britain, vol. iii, 
p. 334, pi. xi B, fig. 10, 1865. 

Spec. Char. Broadly sub-triangular, as wide or wider than long, compressed laterally, 
and anteriorly broadly rounded, posteriorly or retrally acuminated ; beak pointed ; valves 
almost equally deep and very slightly convex ; surface smooth, polished, and marked with 
many concentric lines of growth, and fine radiating striae. Two specimens measured — 
Length 8, width 8 lines. 
„ 8 10 „ 

Obs. Mr. Salter informs us that this is a remarkably broad species ; but in general 
the width does not appear to have very much exceeded the length : we are also told that 
the muscular scars are remarkably strong and clearly defined, and are less divided or 
bilobed than even in O.pretiosay Billings, in which species this undivided character is 
most conspicuous ; Mr. Salter is therefore of opinion that 0. plumbea will probably in future 
form the type of a new genus, distinguished particularly by this union of the muscular 
scars ; and he has endeavoured to indicate this by the sectional name of Monoholinay the 
muscular scars being united closely along the central line. I have seen several fine 
specimens of the exterior of this shell ; and I have figured the only two internal casts 
with which I am acquainted, showing muscular impressions ; these also were used by 
Mr. Salter in making his descriptions.^ It is possible that Obolella Salteriy HoU, may 
be nothing more than a synonym of the shell under description. 

Position and Locality. This species occurs abundantly in the Lower LlandeUOy west 
of the Stiper Stones, Shropshire, particularly at White Grit Mine, Shelve; it is also found 
at Ty Obry, two miles east of Portmadoc. In the Museum of the Geological Survey 
some specimens are labelled Hellpool, Wyeford, Builth. This is " Upper Uandeilo ;" 
and it may be a mistake. 



? Obolella Salteri. PI. IV, figs. 28, 29. 

Obolella Salteri, HoU. Quarterly Joamal Geol. Soc., vol. xxi, pp. 101 and 102, 
fig. 9, 1864. 

This shell is described by Dr. Holl as " compressed, sub-trigonal to nearly round, 

^ O. plumbea bears also some resemblance to Obolella ehromatiea, Billings, a species which in 
Canada occurs iu limestone of the Potsdam group at the Anse an Lonp, on the north shore of the Straits of 
Belle Isle. 
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rather broader than long; shell thin; surface grooved concentrically by a few mequi- 
distant, strongly marked lines of growth, and by numerous finer lines, which are distinct 
only on the sides of the shell Length usually about J inch, width slightly more/* 

Oba. In external shape, the only speciiueu of the shell 1 have seen (the outlines of 
which are given in Dr. Roll's paper) very strongly reminds me of 0, plumbea. It was 
found by Dr lloll in the black shales, or upper division of the Lingula-beds, near Coalhill, 
at the east end of the Malverns* As no species are common to the new formations, 
"Lower Uandeilo'* and "' Lingula-flags," we may^ perhaps, keep them distinct 

Mr. Salter beheves that one or two more species of Oboklla occur in the Lower 
Llandeilo of Wales; and of these he gives figures, without names^ in the Appendix to 
Prof. Ramsay's * Memoir on the Geology of North Wales;' they are from the " Lower 
Llandeilo or Arenig Rocks" of Llanfaeh'hys, South Caernarvonshire* The specimens are 
too obscure to warrant our reproducing them ; and Mr. Salter figures them only to drawj 
attention to a rare genus. 



Obolella? PniLLipsir, HolL PL IV, figs. 17—19. 

Obolella Phillifbii, HqIL Qiiarterlf Jotimal Geol Soc, rol. xx\, pp« 101^ 1012, 

figs, la, a, h, 1804. 

Spec. Char. Shell small, semicircular; hinge-line nearly straight, as broad as the 
breadth of the shelly or slightly sliorter. Dorsal valve very moderately convex or depressed 
near the angles ; ventral valve convex at the beak, which is slightly bent backwards, 
obtusely pointed, depressed near the margin. Surface marked with numerous fine con- 
centric striae, which are at intervals divided by a deeper line. Interior unknown. 
Length 4, breadth 5, depth 1 line. 

Obs. The species to which this Obolella ? is nearly allied, or which it most resembles, 
is Obolella {Kutorglna) cingnJata, Billings -} but the Canadian is many times larger than 
our British shell, and differs in several other particulars. Unfortunately, all the specimens 

^ 'Geology of Canada,' ** Palaeozoic Fossils,*' vol. i, p. 8, 1861, Mr. Billings informs as that hisO. cinptUata 
was obtained at tlie Anse au Loup, on the north shore of the Straits of Belle Isle, in limestone of the Potsdam 
group ; also abundantly, in the condition of casts, a mile and a half east of Swanton, in Vermont : and 
in a foot-note to p. 9 the same author observes — " Since the above was written I have examined many 
casts of the interior of this species, and am inclined to the opinion that it is generically distinct from 
Obolella chromatica. From the very considerable elevation of the beak, the dorsal valve must have had an 
area, and probably a foramen. In one specimen there are two large oval impressions, faintly impressed, but 
still distinctly visible. There is no trace of the lateral scars ; and the form, notwithstanding the characters 
of the surface, conveys the idea of an Orthisina. Should, upon further examination, my suspicions turn out 
to be well founded, I shall call the genus Kutokgina, after the celebrated European naturalist Kutorga. It 
is not quite certain which is the ventral or which is the dorsal valve." It appears to me very doubtful if 
Obolella Phillipsii belongs really to Obolella ; probably it must be placed in the group that will be typified 
by 0. {Kutorgina) ciiKjulata. 
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hitherto found are in an incomplete condition, and the absence of all knowledge 
with reference to its interior must leave us still uncertain whether it belongs to the same 
genus or sub-genus as O.plumbea. 

Position and Locality. Dr. HoU states, at p. 89 of his very interesting memoir on 
the Malvern Hills, that 0. PhUlipsii is found in the felspathic Hollybush sandstones of 
the Malvern Hills, representing the middle division of the Lingula-beds of North Wales. 



Family— DISCINIDiE. 

This family is composed of several genera and sub-genera ; but in our British Silurian 
rocks Discina (including Trematia and Orbiculoidea) only have been hitherto discovered. 
In all the species the shell was attached to marine objects or rocks by a pedicle passing 
through an aperture or foramen in the ventral valve. 



Genm — ^Discina, Lamarck. 

8yn, Orhiada of Sowerby and of many other aathora (not of Cuvier). 

Bef. Davidson's 'General Introduction,' p. 126. The anatomical structure of 
Discina^ as regards its muscular and other internal arrangements, has not been hitherto 
sufficiently examined. Trematis does not seem to possess characters of sufficient import- 
ance to warrant its positive admission as a distinct genus. Our reasons for this are 
stated under Discina {Trematis) punctata. The internal characters of Orbiculoidea have 
not yet been discovered ; still, we retain the name provisionally as a sub-genus of Discina, 
with doubly convex valves. 



Discina kugaxa. Sow. (sp.) PI. V, figs. 9 — 18. 



Obbicula bdgata, Sow,^ in Murchison's Sil. System, pi. v, fig. 11, 1839. 

— — Dav. Bull. Soc. Geo!. France, 2nd ser., vol. ▼, p. 334, 1848. 
DisciMA — M'Coy. British Palseoioic Fossils, p. 190, 1852. 

— — Salter. Siluria, 2nd ed., pi. zx, figs. 1, 2, 1859. 

Spec. Char. Nearly orbicular, sometimes a little longer than wide or longitudinally 
oval and sUghtly narrowed posteriorly. Upper or free valve of a low conical or limpet- 
like shape. Vertex situated at variable distances between one third and one fifth the 
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length from the posterior margin. Surface marked with small inteDniptad, more or less 
close, concentric ridges, separated from each other by interspaces of greater or smaller 
breadth ; lower or attached valve depressed, slightly convex near its apex, the oval fissure 
or perforation extending from near the centre of the valve to a short distance from the 
posterior margin. Surface as in the free valve^ but a little more regularly marked. 
Three specimens measured — 

Length 9, breadth 9 lines. 

ft ' >j o ff 

06s. In external shape DiBcina pmrugala seems to me to agree closely with Discina 
rugata ; and it is evident that the eminent Irisli palaeontologist has given the description 
from the single specimen he has i^preaented, for (as may be seen from the figures in our 
plate) both it and B* rugata present the same dimensions and shapes^ as well as 
distances of the apex from the margin ; but as Mr, Suiter considers them distinct on 
account of a difference in the concentric striation, which he regards as being regularly 
wrinkled in D. perrugata^ M'Coy, and not like that of D. rugata^ Sow., I have provision- 
ally kept them under distinct heads. The shell-substance of J), mgata is distinctly 
corneous, and not punctured, as erroneously supposed by D'Orbigny, 

In PI. IV will be found typical figiu^es of Bmina rugata. Sow., as well as of 
D. perrugata. 

Position and Localitg. Sowerby, in Murchison's ' Silurian System/ enumerate the 
following localities for his D^ rugatq^ : 

*' Ludlow promontory, vh,, Richard's Castle ; Bradnor Hill, Kington ; Bagbarrow 
Hill; Pain's Castle, Radnorshire, very abundant;" all in the Upper Ludlow rock, 

Phillips furnishes the following distnbution, from the Upper Ludlow and Aymestry 
rock : 

Malvern district, — Overley, Hale's End, Mathon Coomb, Frith Hall Court ; Upper 
Ludlow rock. 

Ahherley district. — Ankerdine Hill, Aymestry limestone ; Barrell Hill, Hole Farm, 
Wallgrove, Hillside Farm ; Upper Ludlow rock. 

Woolhope district, — Welsh Court, Shucknall Farm, Shucknall Hill, The Wonder, 
Old Sutton, Perton, &c., north-east of Pilliard's Bam, Bodenham ; Upper Ludlow rock, 
and Aymestry limestone. 

May Hill district. — Longhope, &c.. Upper Ludlow rock. 

Tortworth district. — Pyrton Passage, Upper Ludlow rock. 

Usk district. — Usk Castle, Upper Ludlow rock ; Llanbadoc, Aymestry limestone. 

Builth district. — Ilenllyn, Pencarreg, Upper Ludlow rock. 

In his work on 'British Palaeozoic Fossils' Prof. M'Coy adds that D. rugata is 
common in the hard Upper Ludlow rock of Benson Knot, Kendal, Westmoreland ; in the 
same rock at the north end of Potter's Fell, Kendal ; at Burton and Brockton, near 
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Ludlow, Shropshire, &c. It has often been found in Wenlock shale near Dudley, 
and it occurs also in the Upper Ludlow rock, Ledbury. Mr. Lightbody has collected 
D. rugata in the Upper Ludlow of Whitecliffe and Sunny Bank, near Ludlow, and in 
the Lower Ludlow of Church Hill, where it is associated with lAngula lata. 



? DisciNA PKKRUGATA, M'Coy. PI. V, figs. 19—24. 

Obbicula pebbugata, M^Coy, Synopsis of the Silurian Fossils of Ireland, p. 24, 
pi. iii,% 2, 1846. 

Prof. M'Coy describes this species (?) as " nearly orbicular, depressed ; about one 
sixth wider than long ; apex one third the diameter from the margin ; surface strongly 
wrinkled concentrically." He adds, " This species is distinguished from the 0, rugata. 
Sow., and 0. plana, Miinst., by the greater distance of the apex from the margin in the 
present shell ; and from the 0. subrugata, Miinst., by the strong concentric wrinkles. It 
most resembles the Carboniferous 0. nitida, Phil., but is much more depressed and 
strongly wrinkled." 

Locality. D. perrugata is common in the Caradoc beds of Desertcreat, County 
Tyrone ; in rocks of the same age near the Chair of Kildare ; at Cong, County Galway ; 
Duncannon, County Wexford, &c. In Scotland it occurs at Balclatchie, Girvan Valley, 
Ayrshire. 



(?) DisciNA MoRRisii, Dav. PI. VII, figs. 10—12. 

Oebicula Mobrisii, Dav. Bulletin Soc. Geol. dc France, 2nd ser., toI. t, p. 334, 

pi. iii, fig. 47. 
DisciNA — M'Coy, British Palaeozoic Fossils, p. 190. 

Spec. Char, Almost circular, or slightly elongated oval ; free valve conoidal or limpet- 
like, and moderately elevated, the incurved vertex about one third the length from the 
posterior margin ; surface smooth, marked here and there only by a few very slightly 
defined lines of growth. " Lower or attached valve slightly concave at the margins and 
at the anterior half, tumid towards the opening (fissure), which is very broad, oval, half 
its length jfrom the posterior margin, the intervening space being about one sixth the 
entire length" (M*Coy). Two specimens measured — 
Length 5, width 5 lines. 

068. My materials in connection with this Discina have not been sufficient, 
and consequently I am not quite certain as to its specific value. It appears to be 

9 
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more oonvex than the Lower SiluxiaD fornij D. oUongaia ; but this does not always hold 
goqd, for some Ayrshire examples of D, oblongata possess as much elevation as any of 
D. Morrisii I have yet seen. Never having obtained the lower or attached valve» I have 
transcribed the description given of it from a specimen in the Woodwardian Mtisetim, 
by Prof. M'Coy, in his * British Pal Fossils.' 

Position and Locality. D. 3Iornm occurs in the Wenlock shde and hmestone of 
Dudley ; in the Aymestry hmestone of Sedgley j and in the Lower Ludlow of Leintwardine, 
Shropshire. 



DiSCINA OBLONGATA, PofUock (Sp.) Ph VII, figS, V — 9, 

Obbicula oblongata, Foriloek. Report 6eobg>y of Londonderry, &c.^ p. 445, 
plxxxii, %. 13, IS43. 
-^ LjEVIGATa ? (Miingter), Portioek, Ibid., p. 445, pt xixit, %t. 

11, \2. 

— sue-botunpAj Foriloek, Ibid,, pL xixii, fig. 1 0- 

— OBLONGATA, M'Cay. Syitopsia of the Eiluri&ii Foasili of IreUudr 

p. 24, 1845. 

S^ec. Char, Nearly orbicular, or elongated ovaL Upper or free valve moderately 
convex, conoidal, and more or less elevated, the incurved pointed vertex situated at a 
short distance from the posterior margin* Surface smooth, marked only here and there 
by a few lines of growth. Lower valve unknown- Two specimens measured — 
Length 9, width 9, height 2 lines* 

» O, „ O, J9 Z „ 

Ois. After an attentive examination of Portlock's original examples of his 0. Itsvigata 
Miinster ?, 0, ohlonyata, and mbrotunda, Portlock, I arrived at the conclusion that they 
were all slight modifications of a single species : all are derived from the same rock and 
locality, viz., Desertcreat, County Tyrone, Ireland. General Portlock thought he could 
identify, but with some uncertainty, one of his specimens with the Orbictda lavigata of 
Miinster, * Beitrage ' (" Die Versteinerungen der Uebergangskalkes mit Clymenien und 
Orthoceratiten von Oberfranken "), vol iii, p. 80, tab. xiv, fig. 21, 1840. ]\Iuu8ter 
describes his shell, which was small, as circular, highest towards the beak, which is only 
slightly arched, and at the outer margin depressed ; surface smooth, with hardly any hues 
of growth. His figure, however, does not leave in my mind a certainty that Portlock's large 
example referred to 0. Icevigata belongs in reality to that species ; and as it has not 
been possible for me to obtain a sight of the German type, I propose to mnke use 
of one of Portlock's designations for the species under description. It may also be 
observed that in the same year in which Miinster gave the name of Icemgata to a German 
palaeozoic Ducina, Deshayes applied the same designation to one of Leymcric's French 



I 
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Cretaceous species, and consequently a question might arise as to which fonn majr claim 
tlie name of Umgata. 

l>iicina oblongata^ like all its congeners, varies considerably in shape^ some specimens 
being more circular or more elongated than others ; and the free valve is also more elevated 
or oonoidal in some specimens than in others ; thus, in the Caradoc beds of Shropshire 
and Ayrshire, where the species occurs, some examples show much more elevation than 
what we perceive in Fortlock's typical specimens. 

Pontion and Locality. In Ireland D. oblongata and its varieties, ItBvigata and mA^ 
rotunda^ were found in the coarse gritty Caradoc schists at Desertcreat; in sandy 
schists at Bardahessiagh, in the County Tyrone; and in slates at Timaskea, Co. Pomeroy. 
It has also been met with in the same beds at Tramore, County Waterford. 

In England Mr. Davies has found it in the Caradoc beds of South Shropshire (upper 
beds only — J. W. S.). It occurs also at Llanfyllin, Montgomeryshire. 

In Scotland a variety is not rare in the Caradoc of the Girvan Valley in Ayrshire. 



? DisciNA? ViCARTi, Dav. PI. VII, fig. 13. 

Spec. Char. Free or upper valve ovate, longer than wide, narrowed posteriorly, 
broadly rounded anteriorly, oonoidal and moderately elevated ; vertex slightly incurved, so 
that its extremity is situated almost vertically above the middle of the posterior margin or 
a little incurved forward ; surface smooth (?) ; lower or attached valve not known. 
Length 8, width 7 lines. 

Oba. Two specimens in the state of casts of the upper or free valve of this Discina (?) 
were found by Mr. Vicary in the red sandstone pebbles of Budleigh Salterton, in Devon- 
shire. Not possessing the lower or attached valve, I must leave the description and 
identification very incomplete and provisional. 

It is also uncertain whether this shell belongs to the Lower Silurian, since species 
of that period are mixed up in the locality with shells evidently of Devonian age. It 
is also at times difficult to distinguish certain species of IHacina (?) from others of 
Metoptoma; for instance, M. estella of Billings bears some resemblance to our i). 
Vicaryi; but this last is less conical than is the Canadian Gasteropod. [Mr. Salter 
would provisionally refer all the so-called Metoptoma and Capuli from the Lowest Silurian 
or Potsdam groups to Discinida ; and tells me that he has some such from his new 
* Menaevian ' group. 

Discina striata. Sow. (sp.) PI. VI, figs. 1—4. 

Orbicula striata. Sow. Silurian System, tab. v, fig. 21, 1839; Siluria, pi. zx, 

fig. 3, 1859. 
Discina — WCoy. British Pal. Fossils, p. 191, 1852. 
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Spec. Char. Usually transversely oval, sometimes longer than Viide ; upper or free 
valve moderately and uniformly convex; no defined apex, the posterior portion of the 
valve being evenly convex up to the margin. Surface marked with numerous fine, 
radiating^ raised^ sub-equal, thread-like striae, with interspaces of about equal width, the 
surface being also crossed by numerous much fiuer concentric lines. The raised striae 
radiate from the middle of the posterior margin, and increase in number here and there 
by the interpolation of additional ribs^ some of which appear also to bifurcate. The 
lower or perforated valve is very much flattened, slightly raised only near the middle, 
between the centre of the valve and of its posterior margin ; the slit is longitudinally oval, 
rather wide, and extending from near the centre of the valve to its posterior margin ; 
surface ornanjented with numerous fine radiating strisB, with wider interspaces, the entire 
surface being also very finely concentrically striated* lutcrior unknown* 
Length 7, width 8 lines. 

ObSu This species is variable in its shape, being either transversely or longitudinally 
oval, and at times almost circular. It is possible that the much larger shell I described 
in 1848 by the name of Disaina Verneiulii, from the Wenlock limestone, may be a full- 
grown specimen or variety of Sowerby^s species ; but as there exists some uncertainty 
upon the subject, it is preferable to retain it provisionally as a species. 

Position and Locality. B. striata is stated by Sowerby to have been found by Sir R, 
Murchison in the Upper Ludlow rocks of Delbuiy, Shropshire; and it occurs also 
in the same kind of rock at Benson Knot, Kendal, Westmoreland, if the Cambridge 
Museum specimens described by M'Coy really belong to the species under descrip- 
tion. Phillips and Salter state that it occurs at Ilenllyn, Pencarreg, in the Builth district 
(' Memoirs of the Geological Survey of Great Britain/ vol. ii, p. 276). 



DisciNA Verneuilii, Dav. PI. VI, fig. 5. 

Bullet. Soc. Geol., France, 2nd ser., vol. v, p. 334, pi. iii, fig. 47, 1848. 

Ovate, longer than wide ; upper valve moderately convex ; no defined apex ; surface 
ornamented very similarly to virhat v«^e see in Discina striata (type). Lower or attached 
valve almost flat, or very slightly convex posteriorly. The slit or foramen is longi- 
tudinally oval, and extends but a little way from near the middle of the posterior margin 
towards the centre of the valve. Surface ornamented as in D. striata. Interior unknown. 
Length 15, w^idth 13 hnes. 

Position and Locality, I am acquainted with but one bivalve example of this beauti- 
ful shell : it was found by the late Mr. D. Sharpe in the Wenlock hmestone of Stoney 
Hill, near Ledbury. The original specimen was presented by Mr. Sharpe to the 
Geological Society. 



\ 
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DisciNA CRASSA, Hdl (sp.). PL VI, figs. 6, 7. 

OsBicuLA ? CSA88A, HaU. Pal. New York, vol. i, p. 290, pi. km, fig. 8 a, 6, 1847. 
— — Murehison and Salter. Quart. Journal Geol. Soc., toI. yii, p. 151» 

fig. 7, and pi. z, figs. 3, 4, 1851. 
DisoiKA — Salter. Silnria, 2nd ed.» p. 542, 1859. 

Spec. Char. Ovate-orbicular or almost round, rather narrower posteriorly ; upper or 
free valve slightly convex and depressed, the incurved apex close to the posterior margin ; 
surface marked with numerous very fine thread-like radiating striae, which increase in 
number by numerous interpolations near the margin, the whole being crossed by very fine 
concentric lines and wrinkles or rugae ; lower valve not known. Two specimens measured — 
Length 6, width 5^ lines. 
6 7 

Obs. Prof. Hall describes his species as follows — " Ovate-orbicular, with the apex 
near the narrower extremity; apex obtuse ; surface marked by strong concentric wrinkles 
and fine radiating striae.'' And Mr. Salter observes, in his description of the Ayrshire 
specimens, that they appear to be exactly the same with some others from the Hudson 
River group, two miles N.E. of Troy, New York. 

Position and Locality. In England it occurs in the Llandeilo flags of Builth (Geological 
Survey) ; in the Caradoc beds near Llanfyllin ; also in the same rock at Gretton, 
Shropshire. In Scotland it is found in the Caradoc beds at Ardwell and Penwhapple 
Glen, Ayrshire. 



DisciNA (Trematis) punctata, S(nD. (sp.) PL VI, fig. 9. 

Ohbicula ? PUNCTATA, Sow. (O. gronulata in the deacription, O. punctata in the ex- 
planation of plate.) Silurian System, p. 636, pi. zx, fig. 5, 1839. 
Trematis — Sharpe, Qaarterly Journal of Geological Society, vol. ▼, p. 69, 

1847. 
DisciNA, — Salter. Siluria, 2nd ed., pi. y, fig. 17, 1859. 

J^ec. Char. Nearly circular in outline, or slightly ovate; upper or free valve 
moderately convex, the rounded apex being rather close to the posterior margin. External 
sur£EU» covered with raised, delicate, thread-like ridges, forming all over the shell a net* 
work of minute six-sided cells, the bottom of the cells being flat and margined by 
the slightly raised hexagonal ridge. The lower or foraminated valve is conoidal or 
slightly convex, with a sunk oval-shaped slit, commencing at about the middle of the 
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valve, and reaching to near the posterior margin ; external surface omameoted as in the 
opposite one. Interior unknown. Two specimens measured — 
Length 7, width 7^ lines. 

,, 6, „ 5 „ (Sowerby's type), 

06a. Sowerby'a short d^cription, '* lenticular, punctated/* and his accompanying 
very imperfect figure, afford no idea of the species named Orbicula granulata in his 
description and 0. punctata in the explanation of his figure. One of these names only 
can be retained, and, as that of *' punctata" is best known, it has been adopted. In 1847 
Mr. D. Sbarpe redescribed the same species under the designation of TrmmtiB punctata : — 
" Ovate, depressed, surface smooth, punctations very large. Length fths, breadth ^ inch. 
Found in the Caradoc sandstone at Chatwall^ on the east flank of the Caradoc- The 
specimen described by Mr. Sowerby [an internal cast] is now in the Geological Society's 
collection J it is very imperfect, and does not show the principal characters of the species, 
Mr. Sowerby placed it in Orbicula with a mark of doubt/' However, neither Sowerby nor 
Mr. Sharpe seems to have understood the character of the shell they had the intention of 
describing, for they mistook the pits formed by the little hexagonal network for punctures, 
while, as stated by Dr, Carpenter at p. 39 of my * General Introduction,' "The shell does 
Bot depart in any essential particular from the type of Diseifiidm^ the supposed punctated 
surface being (as in Poramboniim) a mere superficial conformation » and Mr. Sharpens 
'internal unpunctated layer' being a succession of laminae, such as in Dkeina.'* At p. 68 
of Mr. Sharpe's above-named paper he describes his genus I^ematis as " a sub-orbicular, 
iuequivalve Brachiopod, attached by a ligament passing through a longitudinal fissure in 
the posterior part of the ventral valve. Valves united by a hinge, which is supposed to 
resemble that of Terebratula, and is accompanied in the dorsal valve by three diverging 
internal plates. Shell regularly punctated externally, nearly fibrous, and slightly 
striated internally." 

This description is evidently founded partly on suppositions and erroneous observa- 
tions. Mr. Sharpe supposes only that the valves are united by a hinge resembling that 
of Terebratula ; but his specimens and his figures show no evidence of such having been 
the case ; nor does Prof. J. Hall, in his description of Orbicula terminalis (the type of 
Sharpe's genus Trematis), make any allusion to an articulated hinge as in TerebrcUula ; 
and all analogies tend to make us believe that its valves were, as in Discina^ kept in place 
by muscular action, and not through the medium of teeth and sockets, as in Terebratula. 
Indeed, since we are not in possession of the internal surface of the valves of any of the 
known species of Tremafis, we cannot point out any differences which might entitle 
Mr. Sharpe's so-termed genus to be distinguished from Discina proper. The cell-like 
or net-like sculpture is not quite regular over the surface in all specimens ; for at times, after 
a sudden interruption in the growth of the shell, the cells began again, by being smaller or 
larger than those which existed at the time the interruption took place. Up to the 
present time D. punctata had not been properly figured. I have therefore endeavoured, in 
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the accompanying illustrations, to give the external characters by means of considerably 
enlarged figures. 

Position and Locality, Sowerby's original specimen, in the Museum of the Geo- 
logical Society, is stated to have been obtained from the Caradoc beds of Chatwall, on 
the east flank of Caradoc. It occurs in the same rock at Cheney Longville Lane, Shrop- 
shire, and at Bowdler, near Church Stretton, in the same county. Specimens showing 
portions of the sculptured shell may be seen in the Museum of the Geological Survey. It 
is most commonly found in the condition of casts. Mr. Lightbody has obtained the shell 
in the Caradoc sandstone of Onny, at Marshbrook, and in several other localities. No 
perfect example has, however, been hitherto discovered. 



DisciNA (Trematis) Siluriana, Dav. PI. VI, fig. 8. 

Spec. Char. Orbicular, posteriorly slightly acuminated, wider than long ; upper or 
firee valve depressed or very moderately convex, most so in the proximity of its umbonal 
extremity, the apex being submarginal or close upon the posterior margin. External 
8ur£BU)e covered with close-set, raised, flattened, thread-like ridges, radiating from the 
apex and increasing in number near the margin by an additional small interpolated 
ridge along the centre and between each two of the original ribs. The concave 
interspaces left between the radiating ridges are occupied by a succession of small trans- 
versely oval cells, which are encircled, or separated from each other, by smaller transverse 
ridges or bars. The cells are slightly concave, but do not penetrate further than the 
sorfEU^ of the shell. Interior unknown. 

Length 7, width 8, depth 2 lines. 

Oba. Of this beautifully sculptured shell I am acquainted with several upper valves ; 
the lower or perforated valve has not been hitherto discovered. In one example, around 
the middle of the shell I have counted as many as one hundred principal radiating 
ridges, while near the margin the number had increased to 180; the interspaces 
between each of the principal pair of ridges was also divided into sixty or seventy 
consecutive oval cells, separated from each other by smaller ridges. At and close 
to the vertex the shell is smooth, the cells commencing by a succession of small 
dots, which become gradually larger and more defined as they near the middle of the 
valve; from that point they again become smaller and smaller as they approach the 
mai^in. One cannot, therefore, say that the radiating ridges, or rather the interspaces 
between them, are crossed by concentric elevated lines, because the smaller ridges 
separating the cells are independent, and not on the same line or level with those in the 
adjoining rows (fig. 8 b). 

In the Museum of the Geological Survey, London, a very fine example of the shell 
under description has been labelled Biscina {Trematis) canceUata ; but after an attentive 
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examination and comparison of the English shell so named with the original example 
of the Canadian OrHcula canoellata, Sowerby,^ which had been presented by Dr. 
J. J. Bigsby to that Mnseum, Mr. Etheridge and myself arrived at the conclusion 
that they were specifically distinct, and that a separate designation should be given to 
the English shelL D. SUuriana is comparatively broader, the apex sub-marginal^ 
that is to say, more elevated and distinct from the margin-line of the shell, while in 
jD. cancellata there exists no distinct apex, the free valve being orbicular and very 
slightly convex, the posterior portion forming a small, pointed, incurved beak. The 
sculpture is also slightly different in its details, for the Canadian shell is more regtilarly 
reticulated, on account of the concentric raised lines dividing the cells being more 
continuous and regular, while in D, SUuriana there exists no continuous concentric lines, 
as has been already described. 

Position and Locality, In the Caradoc beds of Horderley, Salop ; also at Marsbbrooki 
in the same formation. (Mus, Pract. Geology 



Suh-^enm — Ohbiculoidea, ffOrh., 1847. 

OBBrcuLA and Bisctna, in part, of some ftiithors ; Schi24^tf€taj Kntorga ;^ Di^dmm^ 

Monogr., voL t, Introductiois, p* 129, 

Prof. Morris justly observes in his interesting ' Note on the Genus Siplimotreia^*^ that 
Dr.S.Kutorga's genus Schizotreta is synonymous with OrUculoideatWOthiguy, and presents 

^ Mr. Sowerby gives us the following description of his shell, Orhicula cancellata, G. B. Sowerby, 
'Zoological Journal/ vol. ii, pi. xi, fig. 6, 1826: — "Sp. O. cancellata, testsL orbicular!, vertice postico, 
marginali ; valvarum superficie lineis elevatis, confertis, radiantibus, lineis incrementi elevatis decassatis ; 
valvee inferioris vertice excentrali, Isevi, depresso, sinu byssi parvo, brevi. The general form of this ahell 
is orbicular and very flat, being more gibbous near the posterior extremity ; the vertex of the upper valve is 
quite marginal and posterior ; its surface is covered vpith close-set elevated lines, radiating from the vertex, 
and which are crossed by the elevated lines of growth, so that the entire surface has a finely reticulated 
appearance ; the vertex of the lower valve is also nearly marginal, having at the posterior edge a rather deep 
cavity, in which the sinus (through which the disc of attachment passes) is placed ; the surface of this valve 
is reticulated in the same manner as in the other, except near the umbo, where it is smooth, and the lines 
of growth are not elevated, but form complete rings, partly descending into the cavity above mentioned ; the 
shell is extremely thin ; it occurs in a light brownish-grey limestone, containing also remains of Terebratulae 
and Coralloids. I am indebted to Dr. Bigsby for the opportunity of describing this species, which he brought 
from horizontal beds of limestone, resting on augitic trap, one mile north of Montreal, in Lower Canada." In 
the * Geology of Canada,' ** Palaeozoic Fossils," vol. i, p. 52, 1862, Mr. Billings describes two more Canadian 
BiscincBj which appear to resemble D. cancellata, namely, Trematis Hawaensis and T. Huronensis. 

2 * Ueber die Siphonotretese, Verhandlungen der Kaiserlichen Mineralogischen Gesellschaft fiir das 
Jahr,' 1847, p. 250, St. Petersburgh, 1848. 

3 'Annals and Mag. of Nat. Hist.,* 2nd ser. vol. iv, p. 315, Nov., 1849. 
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some, but probably only minor, characters which separate it from the ordinary Ordicula 
{Biscime) ; the shell is generally more solid and calcareous ; both valves are nearly equally 
convex, and the passage for the muscle of attachment, instead of being through a lonffi- 
tudinal fissure as in Ordicula (Discina), is considerably contracted, being confined to a 
small tubular perforation situated at the marginal end of a rather deep closed furrow. 
The pedunculated form assumed by the muscle of attachment must have allowed greater 
freedom of motion to the animal, and may be the reason for the more conical develop- 
ment of the lower valve in this genus, as distinguished from the compressed form of the 
same valve in Ordicula." He also adds that Dr. Kutorga was certainly mistaken when 
placing Schizotreta in his family of Siphonotretea, 

I entirely coincide with Prof. Morris in the above remarks ; but, as no interiors of 
Ordiculoidea have yet been discovered, it has not been possible to compare its muscular 
impressions with those of Discina. It may be desirable to maintain provisionally 
D'Orbigny's subgeneric designation for the forms possessing the characters above 
described. 

O. Forbesii is the only British species we can at present with certainty refer to 
D'Orbigny's subgenus. In his * Prodrome' Discina Morrisii is referred to the same 
group, but I do not think there is sufficient evidence for this. 



Orbiculoidea Forbksii, Dav., 1848. PL VII, figs. 14—18. 

Orbicula Forbesii, Dav, Ball. Soc. G^ol. France, 2nd ser., vol. t, p. 334, pi. iii, 
fig. 45, May, 1848. 

— — Phillips and Salter, Memoirs of the Geological Survey of 

Great Britain, vol. ii, Part I; Paleeontological Appendix, p. 
371, pi. xxvi, fig. 2, 1848. 
Orbiculoidea — Dav. D'Orbigny, Prodrome de Pal^ontologie Stratigraphique, 
vol. i, p.44, 1849. 

— — Morris. Ann. and Mag. of Nat Hist, 2nd ser., vol. iv, p. 32 1 , 

pi. vii, fig. 3, 1849. 
Discina — Morris. Catalogue, p. 134, 1854. 

— — Salter, Siluria, 2nd ed., p. 250, fig. 11, 1859. 

Spec. Char, Shell longitudinally oval, rather narrower posteriorly; both valves convex ; 
the upper or free one most so, conoidal or limpet-like, being more or less elevated ; the 
apex is subcentral, but varies in position between the centre and the posterior margin ; 
the external surface is regularly marked with concentric ridges or lines of growth. 
The opposite or perforated valve has its apex also subcentral^ and sometimes near the 
posterior margin. The small circular perforation is placed close to the marginal end 
of a longitudinal and rather deep sulcus, which varies in length at different ages and in 
different specimens. The external surface is regularly marked with narrow concentric 

10 
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ridges, with wider interspaces between them^ the ridges not extending over the surface 
of the sulcus, which is smooth or ver)' finely striated transversely. Proportions variable; 
two specimens measured — 

Length 13^ width 13 lines. 

„ 13, „ 10 . 
Obs. It has been suggested by Prof. Morris that this shell might be the same as 
the Schi^otreta eUiptica of Kutorga •} and the same autlior further obsierved that it is 
protably the older form of Pafeiia impHcafa, Sow. ('Sil, Syst./ L xii, ftg. 14^), i^ well 
as identical with Patella anUquissima, Markl ('His. Leth. Suec/, t xii, fig. 11), We 
must, however, at once dismiss tlie last two suppositions ; for it wilt be seen, further on, 
that the so-termed Patella mpUcata, Sow., belongs to the genus Crania ; and it is suffi- 
cient to glance at HisingCT^s figure of PafeUa anfiquimima to feel satisfied that it is not 
the shell under description, and in all probability not even a Brachiopod. Some uncer- 
tainty, it is true, has been expressed as to whether Kutorga*s Schizotretn eflip/im might not 
belong to the same species as my 0* Forbesii ; and, unfortunately, I was unable to procure 
a sight of the Russian shell on which Kutorga founded his species. But, judging Irom 
the figure, it would appear to be a much smaller shell than ours; and the apex of the free 
valve is much closer to the margin.' Prof, McCoy's synonymy of his Orbicahidea 
implicata (Sow., sp. ?) is very defective; for he considers Kutorga's ScL cUiptica as a 
synonym of Sowerby's species, which, as we have already stated, is a Crania. I will, 
therefore, retain the specific designation of '* Forbesii*' for our well-known British shell. 

Some adult examples of 0, Forbem ^re almost circular, with the free valve exceed^ 
ingly convex, and the apex almost central. The groove in the opposite valve is of an 
elongated oval shape with an inner ridge, is nearly smooth, and up to a certain age, no 
doubt, had a pedicle issuing from its small circular aperture ; but this appears to have 
become cicatrized with age (?), for it cannot be observed in some very adult specimens. 
The first British figure of this interesting shell was pubUshed by myself in the ' Bulletin 
Soc. Gcol. France;' and in the same year (1848) a very beautiful figure of the attached 
valve was published by Phillips and Salter in the ' Memoii^s of the Geological Survey.' 

Position and Locality. Orbiculoidea Forbesii has been found in the Woolhope beds 
and Wenlock limestone and shales. It occurs in the Wenlock limestone of Dormington 
Wood, Woolhope ; at Winnal's Farm, Malvern ; at Marloes Bay (Mus. Geol. Survey) ; 
also in the Wenlock limestone near Dudley (British Museum). 

^ ' Verhandlungen der Kaiserlicheii Mineral. Gesellschaft fur das Jahr,* 1847, pi. vii, fig. 6. 

- Orbicula elliptica, Kutorga, * Driller Beiiragzur Paloeontologie Russlands,' p. 48, pi. vii, fig. 7, 1840. 
8ilur. Kalkstein von Pnlkowa ; and Schizotreta elliptica, Kulorga, * Verliandlungen Kais. Min. Gesell.," 
1847. Dr. Volborth informs me (21st of Feb., 1866) that the specimen of Schizotreta elliptica from 
Pulkowa, described and figured by M. Kutorga. appears to have been lost. During the lifetime of Dr. 
Kutorga, he had asked for the loan of it. but it could never be found ; and no specimens of the species seems 
to occur in Russian collections. 
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? Orbiculoidea Bkckbttiana, Dav. PI. VII, fig. 19. 

Spec. Char. Longitudinally oval ; upper or free valve conoidal or limpet-like, and 
moderately elevated, the vertex being situated at about one third of the length of the 
valve from the posterior margin. External surface covered with numerous concentric, 
rounded ridges ; these ridges becoming wider as they approach the middle, and again 
gradually smaller as they get nearer to the margin ; one specimen, showing as many as 
fifty of these rounded ridges, measured — 

Length 5 inches 5 lines, width 4 inches 8 lines. Attached valve unknown. 

Obs. It is with considerable uncertainty that I refer this fragment to the Brachio- 
poda at all ; and Mr. Salter, who has arranged it for many years as possibly a Discina, 
in the Museum of Practical Geology, shares my doubts. It appears, however, to both of 
us, to be unlike anything else ; and, as two incomplete specimens only, in the condition 
of casts, were found by Mr. H. Beckett in the Wenlock limestone of the Wren's Nest, 
Dudley, we must wait for further information. If the discovery of more complete 
examples should confirm our present supposition, this is by far the largest species of 
the genus, and, indeed, almost the largest Brachiopod, hitherto discovered. 



Genu9 — SiPHONOTRETA, De Ferneuily 1845. 

Ref. De Vemeuil, 'Russia and Ural Mountains,' vol. ii, 1845. See also Kutorga, 
' Ueber die Siphonotreteae, Verhandlungen der Kaiserlichen Mineralogischen Gesellschaft' 
fur das Jahr, 1847. Davidson, 'British Fossil Brachiopoda,' vol. i. Introduction, p. 131. 

In the Silurian rocks of Great Britain two species have been discovered, namely, 
Siphonotreta Anglica and S. niicula. 



SiPHONOTRETA Anglica, MotHs, 1849. PL VIII, fig. 1. 

SiPHONOTKETA Angltca, Morris, Annals of Nat. Hist, 2n(l ser., vol. iv, p. 320, pi. vii, 

fig. l,a— tf, 1849. 

— — M'Coy. British Pal. Foss., p. 188, 1852. 

— — Salter. Siluria, 2nd edit., p. 212, ^g. 3, 1859. 

Spec, Char. Shell ovate longitudinally; dorsal valve very slightly convex or 
depressed, ventral valve most convex and deepest about the middle ; beak produced, with a 
small oval perforation or foramen at its extremity. The surface of each valve is marked 
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with close concentric striae, as well as with minute punctures, and studded also with 
slender tubular spines, which are very wide at their base- 
Length 6, width 5 lines. Interior unknown* 
Obs. It is to Prof, Morris that we are indebted for tbe first description and figures 
of this interesting Bracbiopod ; and his article upon the subject is full of interest, for, 
besides describing the first-known British species of the genus, he gives us a translation of 
a portion of Dr. Kutorga's valuable paper on the genus Siphonolreta, Speaking of 
S. Anglicay Prof, Morris mentions that the surface is *' minutely but concentricalljr reticu- 
lated; reticulation regular, with quadrangular areolsBp and covered with many slender, linear, 
tubular spines or their base?*, somewhat (jiiincuncially arranged; spines smooth, dikted 
at their base, a little above which they remain of uniforna size throughout, or very slightly 
tapering, and are regulnriy and transversely sulcated or contracted, giving the spines a 
beaded or jointed appcamnce \ the general form of the shell and quincuncial arrange* 
ment of the spines resemble 8. aculeata, Kutorga ; but as that author does not figure or 
allude to any reticulated structure or the moniliform spines, this is considered to be 
distinct." Prof, Morris was acquainted with a single, much compressed dorsal valve found 
by Mr. John Gray in Wenlock shale near Dudley ; but subsequently Prof M'Coy described 
the ventral valve from specimens in the shale nodules of Sunny Banks, Coniaton, 
where, however, the shell is not so perfectly preserved as near Dudley, In his 
description, Prof. M*Coy states that the "imperforate valve is suborbicular, depressed ; the 
perforate valve ovate, very convex in the middle, most so about one third from the beak j 
beak produced, with a distinct perforation ; surface of both valves with miuute, closie, 
imbricating, concentric striae, about fifteen in the space of one line, reticulated by 
minute close punctures, less than their diameter apart, their diameter equalling the width of 
the imbricating lines from each other." 

SiPHONOTRETA MicuLA, M'Coy, 1851. PI. VIII, figs. 2 — 6. 

SiPHONOTRETA MICULA, M'Coy. Ann. Nat. Hist., 2nd ser., vol. viii, p. 389, 1851 ; and 
British Pal. Foss., p. 188, pi. i, h, fig. 3, 1852. 

— — Salter. Siluria, 2nd ed., p. 212, fig. 3, 1859. 

— — Harkness. Geol. Mag., vol. ii, p. 431, 1865. 

Spec, Char. Shell minute, longitudinally ovate, as broad as long, posteriorly 
slightly acuminated, the front and side margins broadly rounded ; valves very slightly 
convex, the ventral one most so, with a small circular foramen at its extremity. Surface 
marked with concentric laminar striae, and with very small punctations, having raised 
borders ; when perfect, there are numerous delicate short spines. 

A large specimen measured 2 lines in length by the same in breadth. 

Ohs. Prof. ^rCoy, the first describer of this little species, states that it varies from 
nearly orbicular to ovato-pentagonal in outline. " In some specimens, particularly those 
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from Wellfield, the depressions left by the spines of the surface are very obvious and 
rather crowded, producing a puckered irregularity of the surface, which is not to be seen 
in most of the specimens from Pen Cerrig ; the concentric lineation is also more distant 
in the former, between which the reticular punctation is so excessively minute that 
it can only be traced with a powerful lens, in favorable lights, on the best pre- 
served portions of the shell, diflfering, therefore, very much from the most nearly allied 
fossil, the so-called Terebratuia hamifera, Barrande. In nearly all the specimens the 
distinct and rather large circular opening at the apex of the beak is easily seen, and in 
many specimens an irregular fissure, apparently produced by crushing, extends a variable 
distance towards the front margin, either in the medial line or more or less to one side or 
the other. The few rather large concentric waves or interruptions of growth are only 
seen in some specimens. 

" This species seems to agree in everything with the little Terebratuia hamifera, 
Barrande (* Haidinger's Naturwissenschaftliche Abhandlungen,' vol. i, p. 418, t. 20, 
fig- 9) ; but has the reticular punctation infinitely more minute than he describes that 
of his species to be (half a millimetre long, or four in a square millimetre)." 

M. Barrande gives the geological place of his species in Bohemia as the highest 
beds, or the quartzite stage, D, of the Lower Silurian. The schists in which it occurs in 
such profusion in Britain are, Mr. Salter says, much lower. Its gregarious habits are 
curiously shown by the circumstance of a fragment of shale, from Pen Cerrig, four or five 
inches long and wide, having afforded upwards of a hundred specimens now in the 
Cambridge Collection ; and another mass, not much larger, from Wellfield, having yielded 
upwards of seventy (M'Coy). I am very doubtful as to the correctness of Prof. M'Coy's 
comparison of his little shell with the T, hamifera, Barrande. 

Position and Locality. It abounds in the Llandeilo flags at Wye Ford, Builth, 
Radnorshire ; also in the same formation at Conway Castle. In Scotland it was found by 
Prof. Harkness in the Graptolite-shales, at Lambfoot, Glenkiln Bum, Eirkeniecheal, about 
nine miles east of Dumfries; also at Garpool Bum, near Moffat, where it occurs in 
a very thin bed or layer, not more than two inches thick. A small specimen was also 
found by Mr. R. Gray at Balcletchie, near Girvan, in Ayrshire. In Ireland it occurs in 
the Lower Silurian black slates of Bellewstown, county of Meath (Irish Survey Coll.). 
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Family— CRANIAD.E. 

Genm — Crania, i?ete»W, 178K 

-ff^. Davidson, ' British Foss. Brach./ voL i, Introductiou, p. 122; and vol ii, * British 
Carb. Brach./ p. 192, 

Crania divaricata, M'Coy, sp, PI VIII, figs. 7—13. 

Ceama ANTiauisaiUA (?)| M'Cty^. Not of EichwNfd, Syuop«L« of tbe Siliinnn Foiilk 

of IreUnd, p. 2h, 1846. 
PsEUDO-cEANiA uiVAniCAtAj M^Coy. Aiin* NAt, Hitt., 2nd aer^ toI riii, p* 388, 

1^51 i and Brit Pal Fds«., p. J 87, pi, i, h, %s. 
1, 2, 1852. 
Cbama — Bav* Monogr,, foL i, Introd. p, 122, pL w, fi§i* 

246.247, 185X 

— CATEXCIATA (Sailer, MS,), ^aiVy. DjiU find Drsenptmni to noooo- 

psny Qtmrtt*r-il)ct*t 35 N.E. uf ih? Map of the Geolog. 
Survey of Ireland, p, 9, fig. 3, 1858, 

— jiiVAftiCAtA, Saiier. Siliina, 2Dd cd,, p* 212, fig, 2, I8j9. 

Spec. Char. — Shell unattached; usually longitudinally oblong-oval, sotiietinies slightly 
transversely so, or as wide as long, rather narrowed posterioriy, widest anteriorly. Poste- 
rior margin slightly indented. Valves flattened or very gently convex, and ornamented 
with numerous narrow, sharp, slightly prominent, radiating ribs or raised striae, increasing 
in munber by the interpolation between the principal ribs of additional riblets, .which 
commencing at variable distances from the posterior margin, extend to the front; 
a few concentric lines of growth traverse the surface of the valves. Three examples 
measured — 

Length 6, width 7 hues 

a ^iJj n ti ,, 

06s. — The interior of the dorsal valve presents a wide broad margin indented poste- 
riorly (tig. 11, m). The divaricator oval scars (r), which lie close to the inner edge of 
the posterior portion of the flattened margin, arc not very strongly indented, and present 
but small elevations on the cast ; towards the middle of the shell, or rather nearer to the 
])ostcrior than anterior margin, may be seen two obliquely placed, ovate, muscular impres- 
sions, slightly concave in the shell (projecting in the cast) and separated from each other 
near their base by a space about equalling one of their width. These impressions are sur- 
rounded by a narrow ridge, and are (as supposed by Mr. Hancock) referable to the occlusor 
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or adductor mascle. A. narrow loDgitudinal ridge in the shell (depression on the cast) 
commences between the last-described impressions and extends to some distance in the 
direction of the anterior portion of the shell, and on either side of its extremity may be 
seen a small oval scar, which has been supposed attributable to the brachial muscle. The 
internal concave space beyond the visceral portion of the shell, and within the flattened 
mai^n or anterior half of the valve, is covered with narrow radiating ridges, bifurcating 
at their extremities, and with broader interspaces between them. The interior of the 
ventral valve differs from the dorsal one by having its divaricator scare much narrower, 
and its occlusor impressions closer at the anterior extremity, and leaving only a very 
small space between them for the two little scare which Mr. Hancock thinks might belong 
to the anterior extremity of the doreal adjuster. The occlusor or adductor muscular 
impressions in this valve, are slightly concave, but projecting in the cast, and the remaining 
concave space is, as in the opposite valve, covered with slightly raised ridges, with wide, 
slightly concave interepaces. 

At page 25 of his 'Synopsis of the Silurian Fossils of Ireland/ published in 1846, 
Prof. M'Coy refers, with uncertainty, the shell under description to the Crania anti- 
quissima of Eichwald; and subsequently, at p. 187 of his 'British Palaeozoic Fossils,' he 
observes that "in size and general character this shell agrees with F8eud(M^ania antiqumima 
(Eichw., sp.) as given by M. de Vemeuil (' Geol. of Russia,' vol. ii, pi. i, fig. 12), but is 
easily distinguishable externally by the beak being close to the posterior margin and by 
the remarkably divaricating sculpture of the valves, and internally by several minor 
points of detail obvious by comparing the figures." I quite coincide with the distinguished 
Irish palaeontologist, the Irish and Russian forms being specifically distinct ; the last is 
smooth externally, while the former is striated or costate ; but not feeling satisfied with 
M. de Verneuirs figure of the interior of C, antiquissima, as it showed no divaricator 
impressions in the shell, I obtained from my friend Dr. Volborth, of St. Peteraburg, two 
well-preserved examples of the Russian species, which showed in the interior of the ventral 
valve two distinctly marked narrow divaricator scare, very similar in shape and position 
to those seen in our own British species. The principal internal difference consists in the 
occlusor or adductor scare being very prominent in Eichwald's species ; while they are, on 
the contrary, slightly concave in the British shell. Both species, however, may be placed 
in the same section of the genus Crania (unattached species). 

Prof. M'Coy figures the exterior and internal casts of the ventral valve only, but in 
our plate will be found the interior of both valves, enlarged so as to show all their inte- 
rior charactere. 

Mr. Baily's figure of the internal cast of C catenulata cannot be quite correct, for 
the divaricator impressions, besides being out of shape, are too large in proportion to the 
occlusor or adductor marks. 

Position and locality. Mr. Salter first collected this shell, and described it as 
C. catenulata, at the Meeting of the British Association at Cambridge, 1846. It is 



80 BRITISH SILURUN BRACHIOPODA, 

common in the schists of the Caradoc or Bala limestone at aeveriil places near 
Merionethshire; also at Pont*y*Glyn Diffwys, West of Corweii^ in the same county ; buA 
it occurs in the Llandeilo grits of Tan-y-Craig, Builth ; also at Bala Lake, 

Mr. Prosser sent me an intcnial cast (the one I figure) uf tlie ventral valve whii^h 
he had found in the shales of the Bala limestone near Llanfyllin, It occurs also in Den- 
bighshire, south-east of Cerrig-y-Druidion, In Ireland it is exceedingly abundant, always 
in the condition of internal casts and impressions, in the Caradoc slates of the Chair of 
Kildare,^ Cahirancarla. It is also found at Grangegeeth, Kildare ; and at Frankfort and 
Newtown Head, Watcrford, From these localities fine series of specimens have been 
obtained for the Museums of the Geological Survey in London and Dublin. 



Crania implicata. Sow. sp, PL VIII, figs. 13 — ^18, 

Patella iMPLrcATA, Sow, SiluriaD System, pi. xii, ^^, J 4 a^ 1839* 
Orbtculoidea imflioata, JiPCoy, BriUah PaL Fosa,, p. I Hi), \HC)2, 
Ceania^ impligata, Bailer, Siluria, 2nd ed., pL xx, %. 4. 1851^. 

Spec. C%ar ,^SheIl very small, longitudinally oval^ free, or unattached ; slightly 
inequivalve; ventral valve gently convex, highest part or vertex sub-central, being closer 
to the posterior than to tlie anterior edge, and marked with concentric, slightly raised, 
or step-like bands of growth. Dorsal valve rather deeper than the opposite one, limpet- 
like, the pointed apex being likewise nearer to the posterior than to the anterior 
margin ; surface marked with concentric lines of growth, less prominent than those on 
the other valve. The interior of Ihc ventral valve sliows a broad, flatj concentrically 
striated margin, with two small, narrow, oval-shaped divaricator muscular scars, obliquely 
placed, and in close contiguity to the posterior portion of the flattened margin, but sepa- 
rated from each other in the middle by a space about equalling half the length of 
one of the impressions ; towards the middle of the concave valve two ovate, slightly 
depressed occlusor or adductor muscular impressions are visible, and separated from each 
other by a small, tongue-shaped, slightly raised, flattened projection, these impressions 
being likewise somewhat elevated in front. The interior of the dorsal valve is at present 
unknown. 

Length about 2, width 2J lines. 

Obs. This little shell appears to have puzzled more than one palaeontologist. In 1839 
Sowerby described it as ibllows : 

'* Patella? iiiiplkata,^^. 14 a. Oval, depressed, surface composed of concentric laniiiuc; 

1 An interesting account of the Lower vSilnrian rocks of the Chair of Kildare, by Mr. G. V. Du 
.\oyer, wiU be found in the description accompanying Quarter-sheet 35 N.E. of the Map of tlie Geoloi^ical 
Survey of Ireland, 1 8.58. 

- " Diacina" in the Appendix, p. .V42. 
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longest diameter 2 lines. We have only seen the upper surface of this small shell, and 
therefore assign its generic name with doubt. It bears some resemblance to P. antiquis- 
sima (* His. Pet. Suec./ p. 45, t. xii, fig. 10), and may represent that fossil in its young 
state. We have several individuals, all of one size, on the same mass of stone with 
Sp. octoplicatu8{?), Loc. Abberley." 

Subsequently, in 1852, Prof. M'Coy confounds it with the Schizotreta elliptica, 
Kutorga, which he supposes to be a synonym of Sowerby^s shell, and consequently 
places P. implicata in D'Orbigny's genus Orbiculoidea. Morris, in 1854 ('Cata- 
logue,* p. 184), commits a similar mistake, for he places this shell with Discina. In the 
second edition of * Siluria' it is properly considered by Salter as a Crania ; and any 
one who has seen bivalve examples of the species would at once perceive that it is not 
a Discina, and that its interior is that of a Crania. 

In a paper " On the Silurian and Devonian Rocks of Nova Scotia," by Dr. J. W. 
Dawson, and published by the Natural History Society of Montreal, Prof. J. Hall 
figures and describes a small shell, under the name of Cra?iia Acadiemis. Dr. Dawson 
has sent me an internal cast of this Nova-Scotian fossil, and I find that it certainly belongs 
to the genus Crania; and, indeed, so closely does it resemble our English shell, that 
I feel inclined to add its name to our list of synonyms.^ Prof. HaU states also, at 
p. 250 of the 2nd vol. of his * Palaeontology of New York,' "that his own Orbictda? 
squamiformiSj op. cit., pi. liii, fig. 4, and 'Geol. Report,' 1843, p. 108, fig. 1, is pro- 
bably identical with Patella? implicata of Murchison^s * Silurian System,' p. 62, pi. xii, 
fig. 14 a. The American shell occurs in the " Niagara Shale," and its thin calcareous 
layers, at Lockport, and at Rochester and Sweden in Monroe County. In size and shape 
it agrees with our C implicata ; is said to be very fragile, and is marked by strong 
concentric lamellae ; it is, therefore, probable that when the interior of this shell is seen 
it may have to be included amongst the synonyms of Sowerby^s species. 

Prof. J. Hall further informs me by letter, that, in 1859, he proposed a genus, 
" P/iolidcps/' for such shells as Crania (Patella) implicata^ Sow. ; but I am not quite 
satisfied that it should include the shell under description.^ 

Positiofi and Locality. Of this shell I have seen specimens from the Upper Llandovery 
beds of Mandinam, Llandovery ; the Wenlock shales of Ledbury ; Wenlock limestone of 
Rock Parm, May Hill ; from Wenlock shales near Walsall, and from Upper Ludlow 
rock at Bradnor Hill, Presteign, north-west of Hereford ; in the last locality it occurs by 
millions, in the condition of minute internal casts. From Ireland I have seen a specimen 

^ The figure of the NoYa<Scotiaii shell is reproduced in Dr. Dawson's ' Acadian Geology,' p. 68, 1855. 

3 Genus Pholidops, Hall. *Pal. New York,' vol. iii, p. 489. " Shell small, patelliform ; apei( sub- 
central, ezcentric, or terminal. Surface marked by concentric lines of growth, which are more expanded on 
the posterior side. Interior a shallow oval cavity, with bilobed muscular impressions, the margins flattened 
or slightly deflected and entire." See also 'Thirteenth Annual Report of the State Cabinet,' p. 92, I860- 
Types, P. squami/ormis, P. Jlamiltonice. 

11 
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or two from Wen lock beds at Ferriter*s Cove, County Kerry, A small speciojen, 
probably referable to this species, was found by Mr, Brown in the Ludlow beds of 
the Pentland Hills, 



Crania Silueiana, Dm. Pi. Vm, figs, 19, 20, 

Spec. Char. Shell marginally subquadrate or nearly circular, posterior margin nearly 
straight. Ventral valve adhering to marine bodies by its entire surface ; dorsal valve 
slightly conical or limpet-like ; vertex suboentral, and closer to the posterior than to the 
anterior margin. The interior of the attached valve shows the muscular scars peculiar to 
the genus Crania. Exterior surface rugose, or covered with more or less strongly marked 
concentric lines. 

Length 4, breadth 4 lines, 

Obs. Of this species I am acquainted with three individuals, which adhere to a 
specimen of Lqptmna TFaiiom, from the Wenlock shales of Falfield. 

It is, however, exceedingly difficult to make a correct specific determination of these 
imperfectly preserved specimens ; for their external shape much resembles that of seveml 
forms of attached Cranm, 



Crakia? Gratii, Bav. PL Vm, figs, 22—24. 

Spec. Char. Shell small, circular, or slightly longer than wide; upper valve limpet* 
like, the apex being situated nearer to the posterior than the anterior margin ; surface 
ornamented with a variable number of narrow costae radiating from the vertex, and 
increasing in number by the interpolation of one or two riblets between each two of 
the ribs ; the former originating at variable distances from the vertex, and extending to 
the margin. 

A large specimen measured 4 lines in length by about the same in width. 

Obs. Of this little shell I am acquainted with some nine examples. Six adhere to a 
specimen of Spirifera plicatella, var. radiata, found by Mr. John Gray in the Wenlock 
limestone near Walsall, and now in the British Museum. Three other specimens were 
picked up by Mr. L. P. Capewell in the Wenlock limestone near Dudley. Not having 
seen the interior of the adhering valve, the description of this species must necessarily be 
incomplete. It bears some resemblance to certain Jurassic and Cretaceous species of 
Crania, to which genus it is therefore provisionally referred. 

In addition to the species of Crania above enumerated, another fossil was formerly 
described by myself under the designation of Crania Scdgwickii (Lewis, MS.), in the 
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'Bulletin de la Society Geologique de FraDce/ seoood series, vol. v, p. 884, pi. iii, 
fig. 48, 1848; but I would not again describe it as a Crania, as it seems to differ in 
several important particulars from all the species of that genus with which we are 
acquainted. In all probabihty it is not a firachiopod at all. I have, however, carefully 
figured the original example now in the Museum of the Geological Survey of London 
(PI. VIII, fig. 25), with the hope that by so doing the true nature of this obscure fossil may 
be hereafter determined. Prof. M'Coy has referred it to his own more than doubtful 
genus Spondylolobua, to which it bears no affinity. 

The so-termed C. Sedffwickii is longitudinally oval and almost flat, with two rounded 
concentric ridges in the proximity of the margin, while small granulations are observable 
here and there over its surface. The inner surface of the fossil is slightly concave about 
the middle, with two raised rounded ridges corresponding to those on the external surface. 
At a little distance inwards, or from what we might describe as the posterior margin, rise 
two irregular conical projections, which are almost contiguous at their base. It measures 
six lines in length by five and a half in width, and was found by Mr. Lewis in the 
Wenlock limestone or shale of the Rushall Canal, near Walsall. 



Family— TEREBRATULID^. 

No species referable to this important family has with certainty been hitherto dis- 
covered in our British Silurian rocks. One small shell, it is true, has been described in 
the * Silurian System' under the designation of Terebratula latnuscula, and requoted at 
p. 545 of ' Siluria' as a Terebratula with a point of interrogation ; but, as will be seen in 
the sequel, I believe I have satisfactorily determined, after a careful examination of the 
original specimen preserved in the Museum of the Geological Society, that the fossil in 
question cannot be classed amongst the Terebratula, as the shell-structure of the so-termed 
T l{Bviu8Cula is fibrous, and not punctured ; and it, moreover, agrees in shape and character 
of beak with Jtht/ris or Meristella nitida, of which it is evidently a young shell. 



Family— SPIRIFERIDiE. 

The characters of this extensive family having been already described at some length 
in our General Introduction, and often subsequently adverted to in the Jurassic, Permian, 
Carboniferous, and Devonian Monographs, it will not be necessary to again enlarge upon 
the subject. In our Silurian rocks Spirifers were specifically very few in number, and 
almost entirely confined to the Upper Silurian period. 
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Genus — SpiftiPiE, Soweriy, 1816, 

Spiripera plicatella, Linn.j sp. Ph IX, figs. 9 — 12, 

Anomia PLTCATlLLA) Linnmuji. Sjttema Naturie, 12th ed., p. 1134, 1'67, 
DELTHlfBis cYBTBiTAj Daimtm^ Eongl. Yeten.<ilcAps Hnndlingar. for 182r, p- 120, Ub. 
iii, fig. 3 (Stockholm, 1828), 
— — Hmnger, Let h spa Suecica, p. 73, pK xict, fig< 4, 1837. 

Sptbifer TKTrBLiNfiATUs, J, de C. Sowerby. Silariau System, pi* xii, fig. 6, 1839. 

— — Dae. BulL Soc< QioL de France, 2nd ten, voL v, p. 32 4i 

1848. 

— FTJCATELLUSt tafp IKTERLINEATUB^ Satier. Memoira of the Geological Sarrejr, 

i?ol. ii, p. 381, 1848. 
SprRiFERA CYBTJiKA, M*Coy, BHtifth Pal. Foai., p. 193, 1852, 
Akomta PllCATiLLA, Uanlty. Ipsa Linntei Conchylia, p, 127, 1855. 
Spihifkr CYETJSHA, Schmidt. Silumche Formation von Ehstland ; Archiv fur die 
Natitrkunde Liv^-Ehat^ui^d Kurlanda, vol. iij p. 21 1, ISdS. 

— PLTCATHLLUS, var, JNTEBLnrKATpHy SalUv- Silurin, pL nip fig, I, 

1859, 
SplRrFEaA FiiicATELLAj var. n^TERLTNEATA, LindMtrom. Bidrag till kaonedometi om 

Gotkuds Bracbiopoder (Proceedings of 
the Rovftl Acad, of Science* of Stock* 
holm), p, 358, ISfiO, 

Spec. Char. Rhomboidal, longer than broad * valves gibbous, the ventral one being 
considerably arched; beaks approximate; hinge-line shorter than the width of the shell, 
the cardinal or lateral angles being rounded. Ventral valve most convex, with a deep 
longitudinal sinus extending from the extremity of the beak to the front ; beak incurved, 
area triangular, fissure partly arched over by a convex pseudo-deltidium. Dorsal valve 
gibbous, with a more or less elevated mesial fold, flattened or depressed along the middle ; 
lateral portions of the valves more or less deeply divided into a greater or smaller number 
of large rounded ribs, while the entire surface of the shell is covered with numerous close, 
fine, subequal costae, and which are crossed by still finer concentric, thread-like, elevated 
lines. Two specimens measured — 

Length 14, width 15, depth 12 lines. 
„ 13 „ 16 „ 12 „ 

(Jbs. The determination of this species and of some of its varieties or variations in 
shape has been attended with some difficulty. First of all, the name the shell should 
retain has led to some difference of opinion. Mr. Salter was the first to refer to the 
Linnean Cabinet for these Silurian Brachiopods, and there found si)ecimens agreeing 
with the British fossil ; and Mr. S. Hanlcy agrees with him : but the reference 
'' Anomia anguHs lateralibus dilafatis dentihus alternis'' in the ' Musa^um Tessinianum/ 
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p, 90, pi. V, fig. 7, quoted by Salter with doubt at p. 881 of the * Memoirs of the 
Geological Survey/ vol. ii (1848), must be, with his own consent, given up. That 
figure (see our PI. X, fig. 12, a, b) is, in the twelfth edition of the *Systema Naturse,' 
named by Linnaeus A^omia crispa. Some difficulty may yet remain in the way of our 
being perfectly certain as to what Linnaeus intended as the tjrpical form of his Anomia 
plicateUa, for his short description — '* longitudinally striated along with the ribs, lateral 
angles expanded," is unaccompanied by a figure. In the Linnean Cabinet may, however, 
be seen two specimens marked by Linnaeus A, plicatellay one of which exactly agrees with 
the definition of the species subsequently termed Delthyris cyrtana by Dalman, and 
Spiri/er interlineatus by Sowerby, and which we must consequently regard as the typical 
shape of the Linnean species. At p. 1 94 of his * Brit. Pal. Fossils,' Prof. M*Coy states, while 
describing Sp. cyrtdena^ ** This species seems to me totally distinct (when typical forms are 
considered) from the Spiri/er radiatus of Sowerby, by its very strongly costated valves ; 
and for the same reason it agrees perfectly with Dalman's Belthyria cyrtana, which has 
usually been referred to the Sp. radiatus of Sow., although it is his Sp. inferlineatua which 
presents the mixed costated and Hneated character of Dalman's species." But Prof. 
M'Coy seems not to have been aware of Linnaeus's prior name, and of the original speci- 
mens preserved in the Linnean cabinet, or he would probably have adopted the designa- 
tion jp/ic^jfeZ/fl:, placing Sp. cyrtcena and Sp. interlineata as synonyms. Messrs. Salter and 
Lindstrom seem to have forgotten the characters of the Linnean type when they propose 
that Spiri/er radiafus. Sow., should be considered the type as well as a synonym of the 
true An. plicateUa ^ but they appear to me correct in deciding that Spiri/era plicafellay 
Sp. interlineata, Spiri/er radiatm, and Sp. globoam are all varieties of a single species r 

^ At p. 127 of Hanley's ' Ipsa Lin nsei Concliylia' (1855) we find the following observations, which 
we reproduce, that the reader may be in possession of all the facts in connection with the identification of 
this important species : 

" The Spiri/er delineated in our plate (4, fig. 2) is preserved in the box thus marked ' Anomia plicatella' 
in the Linnean Cabinet, and perfectly agrees with the definition of the species. Mr. Salter recognised it as 
Spiri/er plieatelluSf var. interlineatus, and Mr. Davidson as the Delthyris cyrtcena of Dalman, which he regards 
as identical with the interlineatus of Sowerby. Besides the shell figured, there is also, in the same drawer of 
the Linnean collection, a specimen of Spiri/er interlineatus (Sowerby, ' Sil. Syst./ p. G, fig. 6), which has 
fine longitudinal stris covering rounded ribs, though in other respects a very di£ferent species from that 
figured. This throws a slight doubt upon the shell to be chosen for Linnaeus's J. plicatella ; but the 
expression ' Strite in plicarum cavitatibus* is so exactly applicable to the shell figured, which is smooth at 
the top of the ribs, while in the interlineatus the ribs are entirely covered with striee, that we must adopt 
the former for the veritable species. I am not certain it has ever been delineated, unless Dalman' s Delthyris 
eyrttena, found in the Silurian rocks of Gothland, should be identical with it. The Terebratula 
plicatella of Dalman belongs to another genus, as does the T. plicatella of the ' Mineral Conchology.* 
(Sharpe MSS.)" 

2 At p. 265 of the 2nd vol. of Prof. J. Hall's * Palaeontology of New York,' 1852, we find the following 
interesting observations : 

** M. de Verneuil cites (" Note sur le Parallehsme des Depots Pal^ozoiques de I'Am^rique Septentrionale 
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I must again differ ^nth my friend Mr. Salter when he prapo&es to include C^tia 
ewponecia, Wahlemberg, and C, trapezoidcdis, Dalman, amongst the varieties of Sp. 
plicafella. When describing these Iast*named sheila my reasons for dissenting from this 
view will be given. 

Spirifer viator^ Barrande C* SUurische Brachiopoden aus Bohmen/' pL x?, fig. 3, 1H48; 
* Natur^issenschaftUche Abhandlungen/ Bd, ii, p. 153). — Judging from the description, 
figure, and specimens, sent by M» Barrande to M. de Vemeuil under that designation, it 
appears to ns probable that J^iri/er viator will require to be added to the synonynia of 
Spirifera plicatella^ Linn. 

Pamiiofi and Locality* Sp. pUeateUa occurs especially plentiful in tlie Wenlock 
shales in the neighbourhood of Dudley and Walsall, Staffordshire; in the Ayniestrj^ 
limestone of Aymestry; and the Wenlock limestone of May Hill, of Woolhope, Ledbury, 
Herefordshire, Benthall Edge, &c, Phillips and Salter mention the following localities 
('Mem. Geol. Survey/ voh ii, p. 293} : — ^Winning's Farm {Malvern district); HoleParm^ 
Lower Ludlow (Abberley district) ; Checkley Commonj Wenlock Shale (Woolhope district) \ 
Craig-y-Garcyd (Usk district) ; Nelson's Tower Wood, Myddelton Series (Llandcilo 

avec ceux de rEuropes'* * Bulletin de In Soc* GM, de France/ 2nd senee, toL It, 18-17) the Sp, cyrta^a of 
Da] man a^ occmring at Lock port with Sp. Niaparensu, and oeeupyiug the tame poiition id Europe^ A 
careful campamon of our ftpecimens of Sp. cyrt^na from GotlUand and apecimeQ^ of Sp. radiatui of Sowerbf 
from Dudley baa convinced me that there it but a single epeciea, and our specimeuft »bow^ in a still greater 
degree, the variable character mentioned by Dal man. In the Swedish a pec i mem the margin ii uanally 
plicated, the rounded plication a aomelimea extending half way to the beak^ while in others they are only 
visible m the nndulating ouUine, and aometimea are quite free from such characters. This plication of the 
margin appears not to be infrequent in the Dudley specimens, judging from those 1 have seen, and we may 
therefore regard the specimens from tho«e locnlities as identical. In all the American specimens I have 
seen there is no evidence of this plication of the margin or surface, though in other respects they are almost 
identical with the specimens from Dudley, and it is not easy to point out any important characters by which 
they may be separated from the Swedish spedmens. In well-preserved specimens from Grothland the 
striffi are sharp, or round and prominent, and crossed by conspicuous, elevated, concentric striae, which 
towards the margin are undulated upon the elevations and depressions of the plications. All the New 
York specimens I have seen are destitute of the concentric striae, and the longitudinal striae are often 
flattened. This character, however, may arise from abrasion or partial exfoliation ; and in the shale, the 
presence of iron-pyrites, producing solution of the surface by sulphuric acid, is a probable cause of the 
absence of the more minute surface-markings. It is not a little interesting to the palaeontologist and 
zoologist to consider the fact that, while we have no evidence of a plicated surface in this species from 
New York (and probably all American) strata, we yet have another species of similar form, and a similarly 
striated surface, which is distinctly plicated from beak to base, and never deviates even in the youngest 
specimens seen. This species (Sp. Niayarensis) appears to be unknown in Europe, where the other 
species is common. We cannot avoid the thought that the manifestation of a peculiar feature in the 
Sp. rafllatus of Europe was more strongly developed in a distinct but allied form in the western ocean, and 
which now appears as a characteristic species of the Niagara period. 

I may here observe, that in America occurs Spirifera plicatella^ var. radiata, Sow. ; and, according 
to Prof. Hall, not the true type of Linnaeus's Sp. plicatella, which agrees with Sp. cyrtcena of Gothland., 
and is also common in Britain. 
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district). Linnseus's and Dalman's specimens were obtained firom the Island of Gothland ; 
and Herr Lindstroin states that it occurs in Mid-Gotland, at Klinteberg ; Linde and 
Sandarfve Kullar; Lojsta; Stora och Lilla Carlso; Habblingbo, and Slite. 



Spibifsra plicatella, var. badiata. Sow. PL IX, figs. 1 — 6. 

Delthtbis linbatus (text), radiatua (Index), Sowerby. Min. Con., vol. v, p. 493, figs. 

1, 2, May, 1825. (Not Anomites lineatus 

of Martin.) 
Spibifxb BADii.TU8, /. de C. Sow, Silarian System, pi. xii, fig. 6, 1839. 

— — M'Coy. A Synopsis of the Silurian Fossils of Ireland, p. 37, 

1846. 

— CYBTJBNA, Dav. Bull. Soc. O^ol. de France, 2nd series, vol. v, p. 

324, 1848. 

— PLICATELLU8, Salter. Memoirs of the Geol. Survey of Great Britain, 

vol. ii, p. 382, 1848. 

— BADIATUS, /. Hall. Pal. of New York, p. 66, pi. xxii, fig. 3 ; and p. 265, 

pi. liv, fig. 6, 1852. 

— PLiCATELLUS, var. BADiATUSi, Salter. Silaria, pi. ix, fig. 25 ; and pi. xxi, 

fig. 7, 1859. 
Spibifbba plicatella, lAndatram. Proceedings of the Royal Acad, of Sciences of 
Stockholm, p. 358, 1860. 

Characters. More or less subtrigonal or rhomboidal, wider than long; valves 
moderately convex, beaks more or less approximate ; hinge-line straight, usually rather 
less than the width of the shell, wings or cardinal extremities more or less expanded, or 
by an outward curve meeting the hinge-line. Ventral valve rather deeper than the 
opposite one, with a rounded, more or less deepened mesial sinus, extending from the 
extremity of the beak to the front ; beak incurved, area triangular, variable in breadth, 
fissure partly covered by a convex pseudo-deltidium. Dorsal valve convex, with a 
wide, moderately elevated, flattened mesial fold, sometimes depressed along the middle. 
Surface of valves generally evenly convex, or at times longitudinally divided by a few 
undulations, while the entire surface is covered with numerous fine, raised costse, and here 
and there a smaller interpolated rib ; between each pair of costae the interspace is concave 
and of smaller breadth, the whole surface being likewise closely crossed with fine, thread- 
like, raised, concentric lines. Two specimens measured — 
Length 15, width 24, depth 11 Unes. 
„ 13, „ 1 6, Sowerby 's type. 

Oba. I greatly doubt Baron Von Buch being correct when he refers the species 
imder description to Terebratulitea striatissimus of Schlotheim. The last-named shell 
was briefly described in the ' Petrefactenkunde,' p. 252, 1820, with a reference for fifrure 
to the *Ta8chenbuch fiir die gesammte Mineralogie/ Tafel ii, fig. 7, 1813. The locaHty 
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given by Schlotheim, in 1820^ is the Chapel of Pancratius, near Prague, The figvire 
represents an undeterminable fragment of a striated Spiti/er, from which no certain ideriti- 
•fication can be arrived at ; but I have no doubt that the Bjiron^ at p* 47 of Ixis * Ueber 
Delthyris, oder Spirifer und Orthis,* 1887, imagines our Silurian shell from " Dudley 
Castle", to be the TerebratuUtes sfriafisnmm of Schlotheim, At page 38 of the same, 
work he considers Ddthp^iH cyrkma, Dah, from Gothland^ to be a synonym of Spirifer 
/?aVsty«t*, Sowerby, altliough nu two species could be more dissimilar; and, in addition* 
they belong to two distinct periods. 

One thing, however, may be inferretlj namely, that Von Buch considered Sp. cp^t^na, 
Dal., and Sp. radiatm. Sow., to be two distinct species, although he adopted for both of 
them erroneous detiooiinations. 

The external sculp tiu-e, when well preserved, is extremely beau ti fid, and consists of 
radiating-ribs {five in the widtli of a line in the middle of an average-sized specimen), not 
always quite regular in their respective widths, but usually leaving an interspace between 
each two of about the width of one of the ribs, and at times towards the margin 
there are smaller ribs interpolated i tbeso ribs arc regularly crossed by eqTudistont, 
concentric, projecting ridges^ which give to the shell surface a baautifidly imbricated 
appearance. 

Position and Localiit/, Spififera plicatella, var. radiaia, is a very eouimon fossil in the 
Wenlock limestone at Dudley. 

Phillips and Salter, at p. 292, vol. ii, of the 'Memoirs of the Geological Survey of 
Great Britain,* name the following localities : — Brock Hill Section (Lower Ludlow) ; 
East of LedbiUT (Wenlock limestone) ; under Worcester Beacon (Woolhope limestone), 
and near Winning's Farm (Caradoc^ sandstone), all in Malvern district ; Hole Farm, 
Lov.er Ludlow, and Callow Farm, Abberley district; North of Canwood, Wenlock 
limestone ; East of Canwood, Dormington Wood ; Lindels' Green ; Wootton Farm, 
Clicckley Common, in the Woolhope district; and at wxst of Rock Farm, Wenlock 
limestone ; ISlay Hill : Huntley Hill, in the May Hill district. Mr. Salter mentions 
its presence in the Lower Llandovery rocks of the Quaker's Burial ground, near 
U'clchpool, the only locality known in rocks below the Upper Silurian. 

Li Sweden llerr Lindstrom found the shell at Wisby, Likershamn, Mid.-Gotland ; 
Djupvik (Eksta), Lilla och Stora Carlso; Petesvik (Habblingbo), Endre, Hejdeby, Lergraf, 
Boge, Faro. It occurs also in Ehstland, and in several other districts. Prof. Hall 
mfornis us that it is abundant in the upper limestone of the Clinton group at Lockport, 
Lcwiston, and other places in the Niagara country, is less abundant in the same 
position at Rochester and other eastern localities, and that it is found also in the Niagara 
sliale. 

^ Upper Caradoc, i.e. May Hill 8aiid>tone, or Upper Llandovery rock. 
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14—20. 



21—26. 




27—29. 
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Lingula Lesueurip Rouault, Lower Sihurian. Figs. 1—1 Oj specimens of 
various ages. ''Pebble-bed/' Budleigh-Salterton, Devon- 
shire. Collection of Mr. Vicary. Fig, 11, from the 
Drift near RowiBgtou, Warwickshire. Collection of the 
Rav. K B, Brodie. 

„ Becheiy Salter. Upper Llandovery, Marloes Bay* Fig. 12^^ part of 
the outer surfacts magnified. Mus* Gaol Survey, 
London. 

„ Rouaidti, Salter, Lower Silurian, Budleigh-Salterton- Collection erf 
Mr. Vicary. 

„ Hawkei^ Rouault (?). Same locality and collection. Figs, 21 — 23, 
after the original figures by Mr, Salter {' Quarterly Journal 
GeoK Soe,/ vol xx, pi xvii, figs, 2^, U, 3), Pig. 26 
is figured in the same plate (fig. C) as Lingula Brimonti, 
Rouault ; but the specimen appears to be a modification 
or malformation of the typical form of Z. Hawkei^ 

„ ? /Sfl/Zm, Davidson. Lower Silurian ?, Budleigh-Salterton. Collection 
of Mr. Vicary. 



31. 



sp. 



sp. 



Perhaps a variety of Z. Lesueuri ; but it likewise resembles 
some specimens of Z. ci^umena. Budleigh-Salterton. 

Undetermined, one specimen only having been found. Bud- 
leigh-Salterton. Collection of Mr. Vicary. 
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1 — 6. Lingula criitnenUf Phillips. Varioas ages And abapes. Law^er Llandovery, HowIer*s Heath. 

MuB. Geol. Survey, Loadon* 

7. ,> stiuamosQf HolL Yig* 7, nat, iize. Ftg« 7 ^, enlarged, and dightly re&tored (detcribed, 

bnt not figured iu vol. xxi of * Quart. Journal GeoL Soc. LoudDn/ p. U)2), 
from tbe HoUjbueb Sandstone of the Malveru Hills. Collection of Dr* HolL 

S. „ pygmtta^ Stdter* Aft^ the figure in 'Geo!. Journal,' vol. xxi^ p. 101. In tbe Black 

S bales (Upper Lingula-flaga), Malvern. 

9 — 14. „ ienuigramdata^ M^Cof. Fig. 9, ong^ual figure (Brit. Pal, Fo98«, pL i L, fig. 8). 6ebi£t# 

of Alt-yr- Anker, Mejfod. Wood wardiau Museum, Cambridge. Figt. 10 — 14, 
different Bpecimens frora the Bala schisla, uear Llanfyllia* Figs* 12, 13* 
ColiectiOD of Mr. D, C. Davies. Fig* U, Peel Park Museum^ Salford, 
Manchester, Fig. 1 2 S, a portion of ahell greatly magnified. 

lo — 18. „ grunulaiQ^ V]kiX\\}^H* Fig. 15, nat size* Fig. 15 tz, magnified, and after origiDal figure 

(' Mem. Geol. Survey of Great Britaio/ toI* ii, pL X3tv), LlandeUo flags, 
Dyneror Park* Mua* GeoL Survey> LondoD* Fig. 16, a large example 
from the Middle LlandeUo flag** Llaudeilo; Collection of Mr. G, H, 
Morton. Fig. 17, same locality. Collection of Mrs. BranirelL Fig. 18, 
from Dy never Park. Collectiou of Mr. Wyatt-Edgell, 

19—23. „ ovatu, M*Coy. Fig. 19, original figure {• Synopsis Sil. Fosa. Ireland,' pi. iii, fig. 1), 

Caiadoc shsle, Ballygarvftu Bridge, Weiford. Pig. 20, from Caheranearta, 
Cbair of Kildare. Colketion of Sir R. Griffith. Fig. 21, Caradoe-beds, 
Marshbrook. Collection of Mr. Lightbody. Fig. 23» same formation. 
Horderly, Salop. Collection of Mr. Wyatt-Edgell. 

24 — 27 ,, parallela, Phillips. Figs. 24, 25, Upper Llandovery, Gunwick Mill. Mus. Geol. Survey, 

London. Figs. 26, 27, from same formation. Eastnor Park, near Malvern. 
Collection of Mr. H. Wyatt-Edgell. 

28 — 35. ,, cornea, Sow. Fig. 28, after original figure (* Sil. Syst.,' pi. iii, fig. 3), Passage-beds, Tin 

Mill, Downton. Mus. Geol. Soc, London. Fig. 29, Passage-beds, Railway, 
near Ludlow. Figs. 30 — 34, from the same beds. Mus. Geol. Survey, London. 
Fig. 32, Brockhill, Ludlow. Mus. Geol. Surv., London. Fig. 33, specimen 
identified as L. cornea (* Synopsis Sil. Foss. Ireland,* p. 24), Ludlow slates, 
Doonquin (or Dunquin), Dingle, County Kerry: Collection of Sir R. 
Griffith. Fig. 35, interior (enlarged) ; Norton, near Ludlow. Collection 
of :\Ir. Lightbody. 

:•;(; — i^i. ., minuna, Sow. Fig. .'Uj, from the Trc»clius-bc'd (Upper Lul11(3\v), Lesmahago, Lanarkshire. 

Fig. ,')7, Ippcr Ludlow (under bone-bed), Ludford Lane, near Ludlow. 
Fig^ -12 — 11, Up})erni()st Ludlow, Birkenhead Burn, Lesnuihago {L. unyia- 
cuius, Salter). Mus. Geol. Survey, London. Figs. 38 — 41, Downton 
Sandstone. Old Lemstcr Road, near Ludlow. 
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SILO &I AN SPECIES. 
Fig. 

1 — 6. Lingula Leimsii, Sow. Fig, I, Aymestry limestone, Sedgley* Jjctween Dudley and Woherhar^iptan. 

Fig, 2, Upper LudloWt Whittcliff, near Ludlow- Collection of Mr. Lightbudy. 
Fig. 3, A ymeatry limestone, itci^r Ludlow. Collection of Uev, H. G. Day. 
Fig, 4, specimen referred to L, Letmm {?), by Professor IVrCoy, ftt p. 24 of 
'Synopsis SiL Fois.» Ireland/ and staled to he from Shnnballymoret Outernrd, 
County Gal way. Collection of Sir R, GrifBtlK Fig<- 5| 6j interior of both 
valves, from Ayme»try limestone^ Sedgley* 

7 — 17. 9, Symondsi, Salter, Figs, 7, 8, Lower Ludlow, Ledbnn?. Mus. GeoK Survey, London 

Fig. 0. id. Collection of Dr. iioll. Figa/lO, II, Wenlock sh&Ie, Buildwa?. 
near Wenlock* Mas. Geol. Survey, London. Fig. 1 2, Wenlock shale, near 
Dudley, Fig, 13, Upper Llandovery, Pen Ian, Llandovery, Qtol, Survey 
Mus. Fig. H, Weiilnck i?bnle, from Alfrie Ptiud{baie of the die*eartb), Malvern, 
Mus. GeoL Soc, Fig. 1 5, Woolhope limestone, Ttie Wycb, Malvern. Fig. 
16, id., Sflndbauka, Freateign, Fig. 17, Upper Llandovery, Maudinann Llaii' 
do very. Figs, 15— I7f Mus. Geol. Surv., London. 
18—27. ,> attenuata, ^ow. Fig, 18, after origianl Ifjgure (* SU, Syat,/ pL x^iii, fig- 13)> Ll&ndeilo 

flagSj Lnndeilo and Shelve, Mua. OeoL Sac. Fig, 19, same locality. Fig, 20, 
Coed Sion Liangadoc, Both in Mua, Geob Survey, London, Fig*, 21,22> 
Shelve. Collection of Mr. Morion* Fig, 23, Upper Llandeilo, Weal of 
Meadowtown. Collection of Mr. Liglitbody* Fig. 24, 25, Balcletchie, Girvao, 
Ayrshire. Fig, 2G, Builtb, Collection of Mr, Morton, Fig. 27, small speci- 
men (' Sil. Syst./ pL ixiij fig. VS)^ Llandeilo flag*, Eorington, Salop. Mua. 
GtoL Sue, London. 

28 — 30. „ lonffusifna,Vnmhr1 Fig, 28, from Caradoe shales, Moelydd, Wnlea. Collection of Mr. 

D. 0. Dftviea, Fig. 29, from Ktteh Bridge, near Llaufyllin, Collection of 
Mr, Pr nsser. Fig. 30, specimen described as L. longhsima^ at p. 253 of 
* Brit. Pal. Foss.' Wuodwardian Museum, Cam bridge. 

31, 32. „ obtusa, Hall ? Fig. 31, epeeimen so identified and described by Prof. M*Coy, * Brit, Pal. 

Fosfi.,' pi. iii, p, 253. Fig. 32, Caradoe bed^. Marsh brook, Salop. Collection 

of Mr. Wyatt-Edgell, [Are not these two specimens referable to L. ovata^ 

M'Coy?J 

33. „ attenuattty Sow.? Specimen described as L. curtOy Conrad, in 'Brit. Pal. Foss.,' p. 251. 

Bala flags, Wellfield, Builtb. Woodwardian Mus., Cambridge. 

34 — 39. „ hrevisy Portlock. Fig. 34, original figure (* Geol. Rep. of Londonderry, &c.,* p. 443, 

pi. xxxii, fig. 2), Caradoe beds, Desertcreat, Tyrone. Fig. 35, Skiddaw slates, 
Outerside, near Keswick, Cumberland. Collected by Prof. Harkness. Fig. 36, 
specimen labelled " L. breris,'^ by Portlock. Desertcreat, Tyrone. Mus. Geol. 
Survey, London. Figs. 37 — 39, specimens named *' L. brevisy' in Mus. Geol. 
Survey, Ireland. Fig. 37, same locality. Fig. 38, Newton Head, Waterford. 
Fig. 39, Tramore, Waterford. 

40 — 44. ,, latUy Sow. Fig. 40, original specimen (Sil. Syst.,' pi. viii, fig. 1 I), Lower Ludlow, Elton. 

Mus. Geol. Soc, London. Fig. 41, another example, from the same locality. 
Fig. 42, Ludlow shale. Peiitland Hills. Collection of Mr. D. J. Brown. 
Fig. 43, Ludlow, Hale's End, near Malvern. Collection of Dr. Holl. Fig. 44, 
Lower Ludlow, Vinual Hill, Ludlow. 

4.") — 48. ,, striatay Sow. Fig 45, after original figure ('Sil. Syst.,' pi. viii, fig. 12), Lower Ludlow, 

Aymestry. Mus. Geol. Soc. Fig. IC, Lower Ludlow, Ledbury, ^[us. Geol. 
Survey, Loudon. I'lg^^- 47, IS, ^Vc'nlock sliale, Dudley. S;i!iie Museum. 

19 — 52. „ i?a7W5«i//", Salter. Fig. 49 (' Siluria,' 'Jml ed., p. r»j, Foss. 10. lii:. "JO, reduced figure). 

Llandeilo fijig-s, Abereiddy Iiay, Peiuhrokesliire. I'ilcs. .')() — ,V2, same locality. 
Mus. Geul. Survey, London. I''ig. ')!, ih. Collection of .Mr. Liirhtbody. 

53 — 59. ,, (Lw(/u!e!la) lepis, Salter. Figs. .")3 — 5fj, after origiual figures (* Mem. Geol. Survey,' 

vol. iii, p. 3ot), froui Lower Treniadoc, Boitli Wood, Portmadoc, and Mus. 
Geol. Survey, London. Fig. 57, interior. Fig. ^)7 (i. eiilariied figure. Same 
locality and Museum. Fig^- 5S, .Vl, distorted speeiuicns. Lig. 59, ^loel-y- 
Gest, Tremadoc, north-west side. Geol. Survey Museum. 
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SILURIAN SFECIES. 



Fig. 
] — 16. Lingulella Davisii, Salter* Figs. 1,2, Lower Liogula-beda, Pen-y-Bryn, fire miles north of 

Doigelli. Moa* GeoK Surveyi London . Fig*. 3 — 7, 9, 13, 1 4, 15, 
figures of di0«reQt speeimenii reproduced from vol, iU» pU. ii and if of 
* Mem. Geol. Survey, London/ Lingii la-beds^ North Wales. The »peci- 
men* are in the Mas. Geol Survey, London. Fig, 8, Upper Lingulft*tlag», 
TmmidDC* Collection of Mr. Morton. Figft. 10, 11, elongated spe> 
cimnv», distorted by cleavage. Liitgula-flags, Pesamorfa, Tremadoc^ Mns* 
GeoL Survey^ London. Fig. 12, from Bellewatown, County MeAth, Mua. 
Geoi Survey of Ireland. Fig. 13, distorted examples, formerly referred 
to TfUhwmya, Fig. 14, intenml cast, nat. ai^e. Fig. 1 5, portion of aame, 
enlarged. Fig. 16, interior (enlarged), from a mould in guttii*percba 
taken from an internal cast. 

\7 — 19. Obolella? Philliptit, HoU. Fig. 17, nat ftiie. Fig. 17 a, S, e^ the same enlarged* IloUyhuah 

Sandstone (Middle Lingula-btfds), Malvern District. CoUectiou of Dr. 
HolL Figi. IB, 19, two valvet from same locality and collectiou. 

20 — 27. „ ? plumbea, Salter- Figi. 20, 21, after original figurea ('Mem. Geol. Survey,* vol. iii, 

pU 11 s). Figs. 10, 10 a, Lower Laodeilo Books, west of Super Stones. 
Figs. 22, 23, internal cast, allowing muscular impressions. Hell Pool, 
Wyeford, Builth. Fig. 24, a large example. Figs. 21 — 24, in Mus. Geol. 

Survey, London. Figs. 25, 26, from Shelve. Collection of Mr. Morton. 

i^, 29. ,, :' SdUen, lloU. Figs. 28, after original figures, * Quart. Journal Geol. Soc.,' vol. xxi, 

p. 102; Upper Lingula-beds, near Coalhill, end of Malvems. Fig. 29, 
Upper Lingula-flags, ^Vhite-leaved Oak, near Malvern. Collection of Mr. 

Wyatt-Edgeli. 

)0 — M). Olxjlus Davidsoui, Salter. Fig. 30, a bivalve example, slightly restored. Wenlock shale, 

near Dudley. Fig. 31, interior of ventral' valve. Fig. 32, interior of 
dorsal valve from moulds in gutta-percha, taken from internal casts. 
Figs. 33 — 35, internal casts of the two valves, Wenlock shales, Rushall 
Canal, near Walsall. Mus. Geol. Survey, London. Figs. 36, 37, casts ; 
same locality. Collection of Mr. L. P. Capewell. Fig. 38, another 
cast from same locality. Mus. Geol. Survey, Loudon. Fig. 39, from 
Wenlock Shale, near Dudley. 
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PLATE V. 

siLiritiAN species- 
Fig. 

1 — 6. Oholm David8oni, ?ar. transversus, Salter. Figs 1, 2, flattened impressions in 

Wenlock shale from Parker's HaU, near Dudley. Fig. 1, 
in Mus. Geol Survey, London. Fig. 3, impression, from 
same locality, showing on its surface numerous indentations 
produced by small spines. Collection of Mr* Musben. 
Fig. 4, a large cast from same locality; in the collection 
of Mr. L. P. Capewell Fig, 5, cast of one valve uncom- 
pressed. Fig. 6, internal cast, from Rusball Canal, WakalL 
Collection of Mr, Mushen. TMs shell occurs also in the 
Wenlock limestone, but not so abundantly as in the shales. 

7, 8. „ „ var. Woodwardii^ Salter. Fig, 7, a fragment, labelled 0. 

fFoodwardii in Mus. Geol, Survey, London; from Wenlock 
limestone, Dormington Wood, Woolhope. Fig, 8, another 
specimen in the same Museum, from Wenlock shales, near 
Dudley, 

9 — 18. Discina rugata, Sow, Figs. 9, 10, after original figures ('Sil Syst/ pi v, fig. 

11), Upper Ludlow, Ludlow; Mus, Geol, Soc. Fig. 11, 
attached valve. Upper LudloWi WhiteclifF Ludlow, Fig. 
12, Lower Ludlow, Church HUI. Collection of Mr, Light- 
body, Fig, 1 3, a finely preserved upper valve, from Upper 
Ludlow, Sunnybank, near Ludlow. Fig. 14, Upper Ludlow, 
Combe Hill; Mus. Geol. Survey, London. Fig. 15, Upper 
Ludlow, Delbury ; Mus. Geol. Soc. Fig. 16, near Ludlow. 
Fig. 17, Ludlow. Fig. 18, Wenlock shale, Parker's Hall, 
near Dudley. Collection of Mr. L. P. Capewell. 
19 — 24. „ /jerru(/ata,WGoy. Fig 19, after original figure ('Synopsis Sil. Foss. 

Ireland, pi. iii, fig. 2), from sandstone, Kilbride, Cong, 
County Galway. Collection of Sir R. Griffith. Fig. 20, 
from Caradoc beds. Chair of Kildare; Mus. Geol. Survey, 
London. Fig. 21, a large flattened impression, from Caradoc 
beds, Dcsertcreat, Tyrone; same Museum. Fig. :2.v!, Upper 
Llandovery beds ?, Penlan, near Llandovery. Collection of 
Mr. Wyatt-Edgell. Fig. 23, from Balceltchie, Girvan Valley, 
Ayrshire. 
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Fig. 
1 — 4. Discina sirmta, Sow* Fig* 1, after original figure ('Si]. Syst./ pU v, fig» ll}t 

Upper Ludlowj Delbuiy, Shropshire; Mus. GeoL Soc, Fig. 
2j a large specimen from Upper Ludlowr, Whitecliff^ near 
Ludlow, Collection of Mr. Marston* Fig, 3, MurchisoD's 
original specimen (fig. 1), [The strise are so fine and close 
on the specimen, that they can hardly be detected with 
the naked eye, and are, consequently, too large on the figure. 
The enlarged fig. 3 a shows them better.] Fig, 4^ an elon- 
gated example ; Upper Ludlow, Wbiteciift', Collection of Mr. 
Lightbody, 

5. „ VemeuUii, Dav. Original specimen, from Wenlock limestone, Stoney 

Hillj near Ledbury, Sharpe's collection, Mus, Geoh Soc* 

6, 7. „ cTossa, Hall* ? Fig. 6, from Uandeilo flags, Builth. Fig. 7, from 

Penwhapple Glen, Ayrshire. Both in the Mus, GeoL Survey, 
London, 

8. „ {TrmiaUa) Siluriana, Dav. Fig. 8, natural size ; Caradoc beds, Horderley. 

(This beautiful specimen was presented to the Mas. Geol. 
Survey, London, by Mr. E. H. Birkenhead.) Fig. 8 a;, a 
considerably enlarged figure of the free or upper valve. Fig. 
8 3, a portion of the shell still more enlarged so as to show 
better the character of the sculpture. 

9. „ [Trematis) punctata, Sow, Fig. 9, natural size, from Caradoc sandstone, 

Cheney Longville Lane, Shropshire; Mus. Geol. Survey, 
London. Figs. 9 a and 3, considerably magnified illustra- 
tions in which the shell-sculpture has been carefully com- 
pleted from perfect portions visible here and there on a 
specimen from the Caradoc beds of Hope Bowdler, near 
Church Stretton, Shropshire, in Museum Geol. Survey, 
London; and from another example in the Collection of 
Mr. Lightbody. Fig. 9 c shows the sculpture still more 
enlarged. 
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PLATE VIL 

^^^ STLTJTllAl^ SPEClEfi. 

Fig. 

1 — 9. Diacina obloTigata, Portlock, Figs. 1 and 2 are dra^Ti from the two origiBal 

specimens figured by Portlock, under the designation of 
" Orbicula l^viffafa^ Miinster ;" from the Caradoc beds of 
Desertcreflt, Tyrone. Mus. Geo!. Survey, London- THg, 
3, from Caradoc beds of South Shropshire. Collection of 
Mr. D. C, Davies. Figs* 4, 5, from New Girvan, Ayr- 
shire. Geol, Survey Mus, Figs, 6 and 7 are taken from 
Portlock's original examples of i)- iubrotunda^ Caradoc 
beds, Desertcreat, Tyrone, Mus. GeoL Survey, London* 
Fig. 8, after Portlock's original figtire of J), oblongata 
('Geol. Rep./ pL xxxii, fig. 13), Fig, 9, from Barda- 
hessiagh, Pomeroy, County Tyrone* Collection of Sir R. 
Griffith. 

10 — 12. „ Morrmi, Dav. From Wenlock limestone, Dudley; and Aymestry 

limestone, Sedgley. Fig. 12, in Mus. Geol. Survey ^ 
London* 

13. „ ? Vtcaryi,T)m. Cast of upper valve ; Lower Silurian (?), Pebble-bed, 

Budleigh - Salterton^ Devonshire. Collection of Mr. 
Vicary. 

14 — 18. Orbiculoidea Forbesti, Dav. Figs. 14, 15, two very fine examples of the 

foraminated valve, from Wenlock limestone, Winnal's 
Farm, Malvems ; Mus. Geol. Survey, London. Fig. 16, 
a large, very gibbous upper valve, from Wenlock lime- 
stone, Dudley. British Museum. In fig. 16 a, the lower 
or foraminated valve has been added to show how the 
shell would appear when complete ; under this figure is 
another smaller and perfect specimen. Fig. 17, a small 
example from Wenlock shales, Rushall Canal, near 
Walsall. Fig. 18, from Llandeilo flags, Shelve. Collec- 
tion of ^Ir. Morton. It is not, however, quite certain 
that this last really belongs to 0. Forbesli, although the 
resemblance is great. 

19. „ ? Beckettiana, Dav. Wenlock limestone ?, Wren's Nest, Dudley. 

Collected and presented to the Mus. Geol. Survey, 
London, by Mr. II. Beckett. 
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SimEIAN SPECIES, 

Fig. 

1. Siphonotreta Angliea, Morris* Original figure (' AnuaU and Mftg. of N&t. Hiftt/ 2Qd ier., voL i?, 

pL Tu, 0g, 1, Fig. 1, shell natuml size ; a, magniBed ?iew ; &» outer tnrfact 
magnified ; c, spine enlarged. Wenlock sLalep Dudley. CoUectioii of Mr. 
J: Gray. 

2 — 6. „ mieula, M'Coy. Fig. 2, original figure (' Bntieh Pal- Foss*,* pi, i h, fig. 3), natuimt 

eiEe I 2a, enlarged. LlaDdcilo flags, near Bailth. Woodwardian MnBeum^ 
Cambridge; Fig. 3^ natural size; lia, enlarged. Llandeilo fiags, Wye Ford, 
BuiUb. Mu9. GeoL Surrey r London. Fig. 4, Glenkilu, Dumfneashire ; Llan- 
deilo flagB* Mix a. Geol. Surr^^ London, Fig. 5, Builtb. Collection of Mr. 
Morton. Fig. 6* Balcletcbiep Ayrshire. 

7 — 12. Crania divarieata (P$eudoerania) M'Coy. Fig. 7, internal cast of ventral valve, after original 

figure ('Brit. Pal. Fosa*/ pLi u, 6g. 2) ; from the Upper Bala Rocks of Brya 
Melyn Quarry, Bala. Woodwardian Museum, Cambridge. Fig. 8, exterior, 
op, cit,, pi. i H, fig. I . Fig. 9, internal cast of ventral valve, natural size ; horn 
Caradoc bed«^ Penny Park, near Llanf^^Uin, Montgomeryshire. Collect ioa 
of Mr, W. Prosser. Fig. 9a^ en Large d« gutta-percha mould from cast, showing 
the interior of ventral valve, its museular and other impressions. Fig. 1 a^ 
exterior of one valve, enlarged ; Caradoc beds, Chair of Kildare, Ireland. 
Fig. 1 1, internal cast of dorsal valve, with rouscular impressious ; a, occlusor; 
4 dorsal adjustor; **, divaricator; »«, mesenteric; », brachial (anterior ex- 
tremities) I fig. 1 1 a, the same enlarged. Figs, 12 and 1 2 it, an enlarged 
interior of valve, taken from a guttapercha mould made from internal 
cast J fig. 11a; Chair of Kildare. Mus. Geol. Survey, London. 
13 — 17. „ implicata (Patella)^ Sow.* Fig. I'd, after tlte original figure,, * Sil. Syst./ pL xiv, fig. 12; 

Wen lock UmeBtonejAUberley. Mus. GeoL Soc, London. Fig. 14, natural siie, 
Wenlock limestooe. Rock Farm, May HUl. Fig, 14 a, 6, the two valves enlarged; 
c, profile view of both valves. Fig. 15, interior of ventral valve enlarged j 
same locality. Fig. IG, slab covered with small internal casts. Upper Ludtow 
beds, Newton Lane, Brad n a Hitl, GeoL Mus. Survey, London. Pig, 16 a, one 
of these easts enlarged. Fig. 17» Upper Llandovery, Mandiuan, Llandovery; 
same museum. 

18. ,, „ ? Upper Ludlow beda, Pentland Hills. Collection of Mr D, J. Brown. 

19, 20. ,, Siluriana, Dav, Fig. 19, two exteriors on a specimen of Leptmna Waltoni^ from Wen- 

lock shale, Faifieid. Fig. 20, interior of one of the valves. 

21. ,, .^ Species undetermined. One specimen from Caradoc sandstone, Gretton, Salop. Collection 

of Mr. Wyatt-Edgell. 

22-- 21. ,, ? GrcyzV, Dav. Fig. 22, five exteriors of upper valve, attached to a specimen of Spirifera 

plicatella, var. radiata, from Wenlock limestone, Rushall Canal. British 
Museum. Fig. 23, a large example, and fig. 24 a, enlarged figure ; from 
Wenlock limestone, Dudley. Collection of Mr. L. P. Capewell. 

2 J. ,, ? Sedgioickiy Lewis. (Genus undetermined, and no longer considered even a Brachiopod. 

Might it be referable to some Coral ?) The original specimen ; Wenlock 
limestone, Rushall Canal, near Walsall. Mus. GeoL Survey, London. Fig. 
25 a, inner surface enlarged. 

2(i, '17 . Spondijlolobus craniolaris, M*Coy. After original figures (*Brit. Pal. Foss.,* pi. i h, figs. 4 and 

5), and explained as follows: — Fig. 26, exterior. Fig. 27, group of three 
casts of inner surface of large valve, natural size, from the black shale of 
Builth Bridge. Fig. 14 c, wax cast from one of ditto, showing the appear- 
ance of the shell magnified. (This fossil will hereafter be referred to and 
explained.) 

2S. (rofuophyl/ian pyramidale (Tvrbinolia), Hisinger. Wenlock shale, Dudley. Collection of ^Ir. L. 

P. Capewell. This is the first British specimen of the species hitherto 
discovered, and is here figured because tlie fossil had, by Girard (Leonh. 
und Bronn's * Jahrbuch,* 1843, p. 232), been considered to be a Cafceola ; 
a view subsequently rejected by Milne-Edwards, J. Haime, and Lindstrom ; 
the genus Calceola itself is no longer classed amongst the Brachiopoda. 

' Wliile describing this species (in a footnote) I mentioned that Prof. Hall had, in 1859, proposed the generic designation 
of P/io//'/(///.v for shells agreeing with Patella imjjlicata, Sow.; but I omitted to observe that should these free or unattached 
species of Crania require to be classed under a separate generic designation, that tlie term Paeudocrania, proposed by M'Coy in 
1H51, would claim priority. 
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PLATE IX, 

Fig. 

1 — 6. Spiriferaplicatella, var* radiaia^ Sow. 1. After original figure (* SiL Syst./ pi 12, 

fig, 6.) Wenlock Limestone, Malvern Hills- Mus- 
Geological Society, London- Fig, 2, a large example, 
Dudley, Collection of Mr, Fletcher, Pig. 2 a^ portion 
of shell, considerably magnitied. Figs, 3, 4, 5^ small 
examples \ same locality. Fig. 6, interior of ventral 
valve, 

7 — 8. „ „ var. fflobosa, Salter. Fig, 7, a very large example from Wenlock 

Limestone, Dudley Collection of Mr. Fletcher, Fig. 8, 
same locality, 

9 — 12. „ „ Linnseusj ^^.^Spirifer inferiineatuif. Sow, Delthyris cyrf^nfi, 

Dal., His., &c. Fig. 0, after original figure of Sp, 
interlinefdm^ Sow. {' Sih Syst/ pL vi, fig. fi.) Aymeatry 
Limestone, Aymestry, &c. Mus, Geol. Soc., London. 
Fig. lOj from Wenlock Limestone, Benthall Edge. Col- 
lection of Dr. HolL Fig* 11^ Wenlock Shole, near 
Dudley. Fig. 12, Wenlock Limestone, May Hill. 
Mus. Geol. Soc, London. 

13 :24. (\f/rtifi (Wfjorrccta, Wahl., sp. =:C. trapezoidalis. His. Figs. 13 — 17, different 

shapes from Wenlock Limestone, Dudley. Fig. 18, 
Lower Ludlow, Dog Hill, Ledbury. Mus. Geol. Survey, 
London. Pigs. 19 — 21, enlarged deltidiums, to show 
their peculiar shape, and circular foramen, when it exists. 
Fig. 24, internal casts of dorsal valve from Ludlow 
Shales, Pentland Hills. Fig. 22, internal cast of ventral 
valve ; fig. 22 a, enlarged. Same locality and Col- 
lection. Fig. 23, another internal cast of same valve, 
showing the wide triangular area. Ludlow^ Shale, Pent- 
land Hills. Collection of Mr. I). J. Brown. 
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Fig. ______ 

1 — 3. Spirifera bijugoBOy WC^y, Fig. 1, after onginftl figure (*Synopaia SiL Fo«i. "Ireland/ pi iiij 

fig. 23), Weabck Shale ; DoouquiD or Dunquin, County Kerrvt Ireland. 
CoIJectiou of Sir R. Griffith. Fig. 2; Weubck beda ; Ferriter'a Cove* 
Ditigle, County Kerry. M us. Geo I, Si^rvejj Irelaud. Figs. 3 and 3 ii, slieU 
aceurntelv redlorcd from several complete valves in the same Collection, 
DO perfect bivalve upeciniea h&viug to my kuowk*dge been hitherto dm- 
eovered* 
4 — 6. „ sulcata. His. (According to Lindatrom, the rekl Anomia crisjitt ofLiDOffiuii. Mua. Tea*, 

pU V, fig, 7# 1753.) Fig. 4, iiat. size. Fig. 4 a, b^ enlarged. Wenlock 
Litncstone, Dudley, Fig. 5, a very tnrge e:£amp1e from the aame locality. 
Fig, 6| enlarged figure of a lees irnns verse apecimen. 

7 — II. „ elevata, Dalman, Fig*. 7» 8» Wenlock Umeetotie) Dudley, Fig. 9, Upper Llan. 

do very beda, Datnory Bridi^e^ Tort worth. Fig. 10, Lower Ludlow, Crews 
Hill, Alfrick. Fig. 11, Weulock Limeatone, Weulock Edge. (Thie lait 
specimen seems intermediate in nhape between the true Sp. elerata and.^. 
cHspa of Hiatnger.) Figs. 1)— 1 1, Mua. GeoL Survey^ London. 

12. „ eriapa {Angmiu eriMpa)^ Linnseus. After the original figure Mui. Teaa.^ pL t, fig. 7| 

1837, and £o named in the ' Systema Nature** (Altboiigh thiA figure ia 
not good, it ia here reproduced that the stndent may know what was the 
original figured form of Anomia erUpa.) Wenlock Limestone, Gothland, 

13. „ „ {BeUhyrU criipus^ Hiainger). After the onginal figure, ' Lethfca ^uecica/ 

pi. xxif fig. 5. Wenlock Limeatone, Gothland. (Tbia also ia here given 
for the Bake of reference^ aa it ia believed by some pnlieoutologiata 
that the Anamia erupa^ Linnojua, and De((hyri» erispits, Hia., belong to 

diatinot apecies,) 

14, 15. „ „ Hia. Fig, 14, Wenlock Limestone, Rock Fartn, May Hill, Mua. Geol, Survey, 

London, Fi^^ 14 a eiilnri^ed. Fig. 1."*, TiVeulork Limestone, Dudley. 

16 — 20. Nucleospira pmim (Sp, prntm), Sow. Fig. 16» after original figure ('Sil. Syat./ pi. ziii, fig. 9); 

Wenlock Limeatone, May Hill, near Walsall. Fig. 17, a large example 
(without spines), W. L., Benthall Edge. Fig. \7 a, b, c, enlarged figures. 
Figs. 18, 19, from same locahty, showing the spiral coils, through the 
transparency of the fossil shell. Fig. 18 a, enlarged. Fig. 20, a apecimen 
still preserving almost all its spiny investments ; from the Wenlock Lime- 
stone of Colwall Copse. Collection of Dr. Holl ; similar examples occur 
in the Worcester Nat. Hist. Museum. 

21 — 27. Meristella anyustifrons {Hemithyris),WQoy, Fig. 21, after original figure (*Brit. Pal. Foas., 

pi. i H, fig. 5), from the Caradoc Sandstone at Dalquorhan, Ayrshire. 
Figs. 22—24, Caradoc beds; Penhill and Mullock Hill, Ayrahire. Fig. 25 a, 
specimen showing portions of spiral coils ; same locality. Figs. 26, 27» 
internal casts ; Girvau Valley, Ayrshire. Figs. 26 a, 6, enlarged figures. 

2js — .SI. ,, Iceviusada (Terebratula), Sow.^(Atri/pa nitida, Hall.) Fig. 28, Wenlock Limestone, 

Dudley. Mus. Geol. Survey, London. Fig. 29, same locality. Fig. 30, Wen- 
lock Shale; Rushall Canal, near Walsall. Fig. 31, a specimen showing 
traces of internal spiral coils. Fig. 31, after the original figure of T. 
Ucviiisciila, Sow. (' Sil. Syst.,' pi. xiii, fig. 14.) Wenlock Shale, Tyne- 
wydd, Llandovery. Mus. Geol. Soc. 

3:j — 3.j. ,, CVree, Barrande. Fig. 33, from W^enlock Limestone, Dudley. Fig. 34, Woolhope 

Limestone, Eastnor Park, Malvern. Collection of Dr. Holl. Fig. 3,3, 
specimen showing portions of spiral coils, Dudley. 
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Fig. 

1 — 13. Meristella tnmida, Dalinan. Pig. Ip a very large example from Wenlrick Lime- 
stone, Dudley. Fig. 2, after original example of Ahypa 
femmfriata. Sow. (' SiL Syst./ pK xii, fig. 3.) Wen lock 
Liineatone, Malvern Hills, Miis. (leol Soc», London. 
Fig, 3p a specimen vvitli hordly any apparent %\\nm or fold* 
Collection of Mr, E. Hollier, I am much indebted to 
this gentleman for the kind loan of this and other speci- 
mens. Figs, 4, 5» 8, and 9, a series of variations in 
shape and age^ from Wenlock Limestone, Dndley, und 
Rushall Canal, near WalsalL Fig, 6 is from VVenlotrk 
Limestone^ Malverns. Mns. Geol. Survey, London. Fig, 
10, interior surface of ventral valve j Dudley. Fig. 1 1, in- 
terior surface of dorsal valve, but without spirals ; Dudley. 
Fig. 12, specimen showing the spiral supports, from a 
very interesting example found by Mr. R. Gibbs, in 
the Wenlock Limestone of May Hill, and presented by 
him to the Mus. of Geol. Survey, London. Fig. 13, 
internal cast of ventral valve, showing muscular impres- 
sions in relief In the same Museum ; from the Upper 
Caradoc beds, Huntley Hill (?). 
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PLATE XIL 

Fig. 

1 — 10. Merktella ? didyma, Daluian. Fig, 1, Woolhope Limestone, Hay Head. Sbarpe 

Collection* Mua, Geol. Soc. Fig. 2, Weiilock Lime* 
stone, Dudky. Figs, 3, 4, B, 7, 8, W. L,, Faltield, 
Tortworth, {Figs. 3, 4, Mns. GeoL Survey, Loiuion.} 
Fig. 5, Aymestry Limestone, Sedgley, near Wolver- 
hampton, Fig, 9, interna] cast enlarged. Dafadclfanchaf* 
near Llandeilo. Mus. GeoK Survey, London. Fig. 10, 
T, eaindis, Sow.j after original specimen ('Sil, Syst./ 
pi V, tig, 18); Lower Ludlow, near Uske. Mu8. Geol. 
i^ot\, London, 

11 — 15. Aihyru'^ dvpream {Jlrypa), Sow. Fig. 11, original specimen, *SiL Syst./ 

pi xiii» fig. 6. Wenlock Shale, Stump's Wood, Malvenis. 
Mm. Geol Soc. Figs. 12 — 14, from Woolhope Luuc- 
stone; road betvvt*en Alfrick and Crews Hill, Malvems. 
Mm. Geol Surrey, London. Figs. 13^^ 6, t\ enlnrged 
figures. 

16 — IS. Athyris ? cumprvma {Atrypa), Sow. Fig. 10, original specimen ('Sil Syst/ 

pi 13, fig, 5)j Woolhope Limestone; Woodside and 
Nash, Preateign, Mus, Geol Soc^ Fig. Xdvtd, en- 
larged. Fig. 17, Dudley. Gray^s ColhKrtion, British 
Mnseunu Fig. 18, apt^imen alluded to by Mr. Geikie, 
at p. of ' Memoirs of Geol Survey of Great Britaiir 
(32 Scotland)/ as from the Lower Ludlow beds. Hare 
Hill, Pentland Hill Mus. Geol Survey, Lontlou, 
in. Afln/ris^^ ohovnta {Atrypa), Sow. The original specimen ('Sil Syst./ pi viii, 

fig. 9) ; from Lower Ludlow beds, Mathon Edge, West 
flank of the Malverns. Mus. Geol Soc. Fig. 19 c, e/, 
enlarged. 

•20. Mcrisfe/la't J^/r;/<7^v^/, Has well Original specimen; Ludlow beds, Pentland 

Hills. Collection of Mr. Haswell F'igs. 20 «, b, en- 
larged. 
•21-2."). Retzid Salteri, Dav. Figs. 21, 22, typical form; Wenlock Limestone; Wenlock 

Edge. Mus. Geol Survey, London. Figs. 23 — 25 
(= R, Bay lei, Dav.); Wenlock Limestone, Ben thai 
Edge. 

2() — :J0 ., ,, Mw. /io//r//ardii,'Dav. Different variations in shape. Fig. 2G, a 

large transverse example ; Wenlock Limestone, Henthall 
Edge. Collection of Dr. Holl. I'ig. 27, s])eeimen 
showing portions of internal spiral eoils. Fiu:. 2s, the 
oriu'inal s|)ceimen of R. Boiichardn, Wenlock Limestone, 
Dudley. Fig. 28, enlarged tigure. Fig. 29, another 
exam])le, from Wenlock Limestone, Rock Farm, Long- 
hope. Fig. 30, a very fine specimen from the same 
loealitv. 
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